REIPO'T  H  C-51-79 


ANALYSIS  0"  WASTE'* V  .T  FOR  ORGANIC  COMPOUNDS 
UNIQUE  TO  RiK/HMX  MAf  II  \CTURING  AND  PROCESSING 


CD 


Supported  By 

U.  S.  Arn\y  Medical  Research  and  Development  Command 
Washington,  D.  C.  20314 


j»u  d-xsuwew  is  best  QU»m 

THE  COPY  FURBISHED  TO  DDC  '-“ONTAINED^  _ 
c  rcKI FICANT  NUMBER  OF  PAGES  WHICH  DO  WOT 
REPRODUCE  DEGIBLY.  1 


/* _ _  J _ _ 


Project  Officer:  David  H,  Rosenblatt,  Ph.D. 


HOLSTON  DEFENSE  CORPORATION 
Subsidiary  of  Eastman  Kodak  Company 


Kingsport,  Tennessee  37662 


[  80  6  '  0  0  03  1 


DISCLAIMER  NOTICE 


THIS  DOCUMENT  IS  BEST  QUALITY 
PRACTICABLE.  THE  COPY  FURNISHED 
TO  DTIC  CONTAINED  A  SIGNIFICANT 
NUMBER  OF  PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


SECURITY  CLASSIFICATION  OF  THI«  PAOE  (Whan  Oaf*  Knl9fm4) 


REPORT  DOCUMENTATION  PAGE 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


RECIPIENT’S  CATALOO  NUMBER 


4.  TITLE  (md  Submit 


Analysis  of  Wastewater  for  Organic  Compounds 
Unique  to  RDX/HMX  Manufacturing  and  Processing 


>.  TYPE  OF  REPORT  *  PERIOD  COVEREO 

Final  Engineering  Report 
1974-1979 


4.  PERFORMING  ORO.  REPORT  NUMBER 


II.  CONTROLLING  OFFICE  NAME  ANO  ADORES* 

US  Army  Medical  RSD  Command 
Fort  Detrick 


MONITOftlNO  AOCNCV  NAME  A  aOORUS (li  dIHtmU  i 


US  Army  Medical  Bioengineering  Research 
Development  Laboratory,  ATTN:  SGRD-UB6, 
Fort  Detrick,  Frederick,  MD  21701 


IS.MUMBER  OF-PAOE4  -!■— 

164 


Cantrmil bt4  OtffeaJ  I  IS.  SECURITY  CLASS.  (•!  «Wa  nport) 


UNCLASSIFIED 


IS.  SUPPLEMENTARY  NOTES 


po  oo  o 


It.  KEY  WOROI  (Centlnu*  on  rororoo  m44m  It  iHiiiny  M  IMiiy  tjr  Aloe*  momt) 

Hols ton  River;  Holston  Army  Ammunition  Plant;  HMX  (Octahydro  -  1,  3,  5,  7  - 
tetranltro  -  1,  3,  5,  7  -  tetrazoclne) ;  Nltramlnes;  RDX  (Hexahydro  -  1,  3,  5- 
trlnltro  -  1,  3,  5  -  trlazine);  SEX  (1  -  Acetyloctahydro  -3,  5,  7  -  trinltro- 
1,  3,  5,  7  -  tetrazoclne);  TAX  (1 -acetyl hexahydro  -  3,  5,  -  dlnltro  -1,  3,  5- 
trlazlne);  TNT  (2,  4,  6  -  Trlnltrotol  '  “  ‘ 


•  1  ».  ■(  11 


HDHZEjKIM 

Rm 


HW«1I 

■j 


maasa 


f  >y  jV>v^ 


Final  Engineering  Report 
on 

Analysis  of  Wastewaters  for  Organic  Compounds  Unique  to 
RDX/HMX  Manufacturing  and  Processing 

Project  No.  3A^^0A835 
SEPTEMBER,  1979 

Technical  Report  No.  HDC-51-79 
DECEMBER,  1979 

Prepared  by 

Holston  Defense  Corporation 
A  Subsidiary  of  Eastman  Kodak  Company 
for 

U.  S.  Army  Medical  Research  and  Development  Command 
Washington,  D.  C.  20314 


I 


TABLE  OF  CONTENTS 

Page 


INTRODUCTION  .  1 

BACKGROUND  .  2 

General  .  2 

H-'lston  Army  Ammunition  Plant  (HSAAP) .  2 

CONCLUSIONS .  4 

EXPERIMENTAL  AND  DISCUSSION .  5 

EXPERIMENTAL  -  Phase  I  .  5 

Sample  Collection  .  5 

Sample  Concentration  .  ,  .  5 

Carbon  Adsorption  .  5 

Liquid-Liquid  Extraction  .  6 

Freeze  Drying  .  6 

Evaporation  .  6 

Analytical  Separation  and  Identification  .  6 

Gas  Chromatography .  6 

Liquid  Chromatography  (LC)  and  Infrared  Analyses  (IR)  ....  7 

EXPERIMENTAL  -  Phase  II  ,  ,  .  . .  9 

Collection  of  Samples  .  9 

Sample  Concentration  .  9 

Analytical  Separation  and  Identification 

RDX  and  HMX  Dewater  Solids .  9 

Cyclohexanone  Wastes . 10 

Reference  Compounds  and  Data  Package  ....*. .  11 

Analytical  Method  Development  .  11 

HPLC  for  Nitramines  and  TNT . 11 

Gas  Chromatography  (GC) .  14 

Analytical  Method  Evaluation  .  <  .  15 

Concentration  and  HPLC  .  15 

Reverse  Phase  HPLC  -  Direct  Injection  .  15 

Gas  Chromatography .  16 

Wastestream  Monitor  .  16 

Sampl  i  ng .  16 

HPLC  Analysis  .  16 

Gas  Chromatographic  Analyses  .  17 

References .  18 

APPENDICES 

Appendix  A  -  Tables  and  Figures  .  19 

Appendix  B  -  Separation  and  Analysis  of  RDX  and  HMX  Dewater 

Solids . 54 

Appendix  C  -  Data  Package  Forwarded  to  Midwest  Research  Institute, 

December,  1976  .  78 


Technical  Report  No.  HDC-51-79 


INTRODUCTION 

This  project  was  undertaken  to  identify  and  quantify  munitions-unique 
compounds  in  wastewaters  associated  with  the  manufacture  of  RDX,  HMX, 
and  special  formulations  of  these  two  high  explosives  at  Holston  Artny 
Ammunition  Plant  (HSAAP).  Such  compounds  could  potentially  reach  the 
environment.  Data  so  obtained  would  assist  the  U.  S.  Army  Medical  Bio¬ 
engineering  Research  and  Development  Laboratory  to  assess  the  environ¬ 
mental  hazard  of  these  compounds. 

The  overall  project  was  divided  into  two  phases  having  the  following 
specific  objectives: 

Phase  I  -  Identify  the  waste  stream  organic  pollutants  unique  to 
RDX/HMX  manufacturing  and  processing. 

Phase  II  -  (a)  Standardize  analytical  methods  for  determining  organic 

components  in  RDX/HMX  waste  streams. 

(b)  Determine  the  decomposition  rates  (hydrolysis)  of  the 
potentially  toxic  compounds  and  verification  of  their 
persistence  in  receiving  waters. 

The  objectives  of  Phase  II  were  modified  through  the  course  of  the  project 
so  that  the  final  phase  consisted  of: 

(a)  Isolation  of  concentrates  for  identification  of  constituents  by  an 
independent  laboratory  under  contract  to  USAMBRDL. 

(b)  Development  and  evaluation  of  analytical  methods  for  chemicals  identi¬ 
fied  and  monitoring  of  effluents  and  receiving  waters  (Holston  River) 
over  an  extended  period. 

The  major  emphasis  of  Phase  I  was  to  identify  the  constituents  of  the  RDX 
and  HMX  process  wastewater  contributing  the  largest  wasteload  to  the  in¬ 
dustrial  sewer.  These  streams  were  less  diluted  with  cooling  water  than 
the  outfalls;  thus,  the  constituents  were  at  higher  concentrations  than 
would  otherwise  be  available.  Subsequent  work  in  Phase  II  made  use  of  the 
concentrated  stream  to  provide  isolates  for  identification  and  used  the 
dilute  outfalls  and  the  river  for  final  methods  development  and  monitoring 
of  identified  constituents. 
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General 


BACKGROUND 


A  meeting  was  held  at  Holston  Army  Ammunition  Plant  (HSAa?)  on  January  28, 
1974  with  representatives  from  the  U.  S.  Arn\y  Armament  Command  (ARRCOM), 
Holston  Army  Anmunition  Plant  (HSAAP),  Holston  Defense  Corporation  (HDC), 
and  Environmental  Quality  Division  of  USAMBRDL  (U.  S.  Army  Medical  Bioengi¬ 
neering  Research  and  Development  Laboratory)  to:  (1)  advise  all  concerned 
agencies  of  the  need  for  special  toxicological  work  to  provide  a  data  base 
for  materials  unique  to  munition  plants;  (2)  express  the  urgent  need  for 
expedient  responses  in  the  initiation,  processing,  and  implementation  of 
funding  and  contractual  mechanisms  for  procuring  required  support;  and  (3) 
solicit  Holston's  assistance  in  performing  chemical  studies  on  HSAAP  wastes, 
an  essential  prerequisite  to  initiation  of  the  toxicological  studies.' 

A  need  was  indicated  for  special  chemical  studies  to  define  the  potentially 
toxic  components  of  the  wastes  unique  to  RDX/HMX  manufacture  and  stated  that 
the  chemical  study  was  on  the  critical  path  of  the  overall  project  and  that 
delays  in  the  characterization  of  waste  streams  would  result  in  similar 
delays  in  the  toxicology  work. 

The  assistance  of  Holston  Defense  Corporation  in  performing  the  work  was 
pursued  in  great  detail.  The  uniqueness  of  the  wastes  and  Holston's  cap¬ 
ability  for  providing  the  analytical  expertise  and  technology  supported 
the  opinion  of  the  Surgeon  Generals  Office  representatives  that  Holston 
was  best  qualified  to  conduct  the  chemical  studies. 

Holston  Army  Ammunition  Plant  (HSAAP) 

Holston  AAP  is  a  government-owned  contractor-operated  (GOCO)  installation 
under  the  jurisdiction  of  the  U.  S.  Army  Armament  Command.  The  Holston 
Defense  Corporation,  a  subsidiary  of  Eastman  Kodak  Company,  is  the  operating 
contractor  of  the  plant.  The  mission  of  HSAAP  includes  the  manufacture  of 
high  explosives  and  chemical  material  as  assigned  and  to  handle  and  store 
for  other  government  agencies,  strategic  and  critical  materials  as  directed. 
RDX  and  HMX  and  formulations  (using  chemical  additives  or  TNT)  are  the  only 
high  explosives  manufactured  at  the  plant.  HSAAP  is  the  only  facility  in 
the  DOD  available  for  and  engaged  in  the  manufacture  of  nitramine  based  high 
explosives. 

HSAAP  consists  of  two  plant  areas,  Area  A  and  Area  B,  on  the  Holston  River. 
The  two  plants  are  connected  by  a  land  corridor  (approximately  6milesin 
length)  on  which  is  located  connecting  chemical  pipelines  and  intra-plant 
railroad. 

The  operations  at  Area  A  provide  for  the  manufacture  of  acetic  anhydride 
and  the  concentration  of  weak  acetic  acid,  recovered  at  Area  B,  to  yield 
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glacial  acetic  acid.  The  operation  at  Area  B  consists  of  explosives  manu¬ 
facturing,  nitric  acid  manufacturing,  and  recovery  of  weak  acetic  acid. 

This  report  concerns  only  the  explosive  manufacturing  at  Area  B,  because  of 
the  uniqueness  of  the  operation. 

The  explosive  manufacturing  consists  of  10  RDX/HMX  production  lines  for  full 
mobilization.  During  this  work  only  two  lines,  one  each RDX and  HMX  were  in 
operation.  A  flow  diagram  of  the  RDX/HMX  manufacture  process  including  its 
relationship  to  the  nitric  acid,  organic  acids  (Area  A),  and  acetic  acid 
recovery  (Primary  Distillation)  are  shown  in  Figure  A-l.*  A  schematic  of 
a  "line"  facility  is  given  in  Figure  A-2. 

The  primary  source  of  nitramine  pollutants  in  wastewater  is  the  dewater't 
process  at  the  H-Building,  and  limited  amounts  of  dewatering  at  a  G-Builci- 
ing.  A  second  source  of  nitramine  and  TNT  pollutants  occurs  as  the  result 
of  decanting  water  from  molten  castables  (Composition  B,  Cyclotols,  Octols, 
and  Composition  B-4)  at  the  incorporation  buildings.  Presently,  the  indus¬ 
trial  wastewaters  exit  the.  buildings  to  an  interceptor  sewer  system  which 
releases  the  materials  to  the  river  without  benefit  of  treatment.  The  con¬ 
struction  of  a  central  wastewater  treatment  facility  to  serve  both  Area  A 
and  Area  B  has  begun.  All  industrial  wastewater  will  be  processed  through 
the  plant,  which  is  expected  to  be  operable  by  late  1982. 


*  All  figures  and  tables  for  the  main  body  of  this  report  are  given  in 
Appendix  A. 
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CONCLUSIONS 


1.  Sensitive  analytical  methods  were  developed  for  the  direct  determina¬ 
tion  of  RDX,  HMX,  TAX,  SEX  and  TNT  in  wastewater.  Reverse  Phase  HPLC 
and  direct  injection  of  the  aqueous  sample  extended  the  statistical 
lower  detection  limit  for  each  component  to  less  than  65  yg/1. 

2.  RDX,  HMX,  TAX,  and  SEX  were  the  only  nitramines  detected  in  waste- 
water  at  HSAAP.  TNT  was  also  detected  in  the  wastewaters.  The  com¬ 
ponent  concentration  ranges  were  as  follows  in  the  effluents  over  six 
weeks  of  monitoring. 


maZi 

RDX 

0.110  to  16.02 

HMX 

0.090  to  3.36 

TAX 

5.24  maximum 

SEX 

2.03  maximum 

TNT 

2.01  maximum 

3.  RDX  and  HMX  were  the  only  nitramines  detected  in  river  water  approxi¬ 
mately  one  mile  below  the  last  plant  effluent.  The  concentrations  of 
79  and  67  pg/1  were  much  higher  than  should  have  been  obtained  based 
on  mass  quantities  and  river  flow.  This  is  attributable  to  incomplete 
mixing  of  effluents  in  the  river. 

4.  Four  compounds,  unrelated  to  nitramines  or  nitroaromatics,  were  iden¬ 
tified  in  cyclohexanone  wastes  that  may  originate  during  recrystall¬ 
ization  of  RDX.  The  compounds  are: 

2  hydroxymethyl  cyclohex, 'none 

spiro-1 -oxocyclohexane-2, V  ,  3 1 ,  4‘,  5',  6',  7',  8'  -hexahydro-benzo-b- 
pyran 

2-(2-cyclohexenyl )  cyclohexanone 
2- ( 1  -cycl ohexeriy  1 )  cyclohexanone 

Components  having  equivalent  retention  times  by  gas  chromatography  were 
detected  in  th*-'  effluent  and  Holston  River.  However,  the  consistency 
of  concentrations  in  all  samples  suggests  that  the  responses  were  not 
unique  to  nitramine  manufacturing  operations  as  they  probably  are  formed 
when  cyclohexanone  is  heated  and  may  be  present  as  impurities  in  purchased 
solvent. 
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EXPERIMENTAL  AND  DISCUSSION 

EXPERIMENTAL1  -  Phase  I 
Sample  Collection 

A  review  of  active  production  buildings  was  performed  and  the  following 
points  chosen  as  representative  of  RDX  and  HMX  manufacturing  buildings 
contributing  pollutants  to  HSAAP  Waste  Streams:  (a)  outfalls  from  prod¬ 
uction  lines  6  and  7  (one  outfall  designated  Lines  6-7),  (b)  outfalls 
from  production  lines  1  through  5  (one  outfall  designated  Lines  1-5)  and 
(c)  catch  basins  at  the  following  production  buildings:  E-6,  E-7,  G-3, 

G-6,  H-6,  and  H-8.  (Figure  A-2,  schematic  of  Typical  Production  Line. 

The  alphabetical  character  prefix  refers  to  the  building  type  and  the 
numerical  suffix  designates  the  line  in  which  the  building  is  located.) 

Grab  samples  were  obtained  and  stored  in  polyethylene  bottles  until  they 
could  be  concentrated.  No  special  storage  conditions  were  employed.  Pre¬ 
liminary  results  of  chromatography  screening  of  concentrates  showed  very 
few  components  from  these  points  prompting  further  review  of  potential 
sampling  points.  Considering  the  large  dilution  factor  caused  by  process 
cooling  water  in  the  main  outfalls,  various  process  contributions  of  pollu¬ 
tants,  and  sample  concentration  time  requirements,  it  was  expedient  to 
sample  the  "dewatering"  (of  RDX  and  HMX  slurries)  process  streams  which 
are  the  major  sources  of  nitramine  pollutants  in  HSAAP’s  waste  streams. 
Samples  of  the  "dewater"  filtrate  were  taken  from  the  overflow  of  the 
settling  tanks  at  Building  G-6  (HMX)  and  Building  H-7  (RDX)  for  final 
concentration  and  subsequent  fractionation. 

Sampling  points  are  shown  in  Figure  A-3. 

Sample  Concentration 

Ca_rbon_Ad^S£T£tio£ 

It  is  widely  known  that  activated  carbon  will  absorb  organic  compounds 
quite  efficiently  from  water,  particularly  when  such  compounds  are  present 
in  low  concentrations  and  are  only  slightly  soluble.  A  feasibility  test 
was  performed  to  provide  an  indication  of  the  applicability  of  this  tech¬ 
nique  to  removing  organic  compounds  from  the  RDX  and  HMX  waste  water  samples 
selected  for  treatment. 

Activated  carbon  (Pittsburgh  Activated  Carbon,  Type  CAL,  Grade  12  x  40) 
in  a  0.61  m  x  50.8  mm  (3  ft.  x  2  in.)  glass  column  was  used  in  attempts 
to  adsorb  selected  organic  compounds  (acetic  acid  and  cyclohexanone)  from 
aqueous  solution.  Total  carbon  analyses  of  the  starting  material  and  the 
liquid  after  it  had  been  passed  through  the  column  showed  80%  of  the  added 
organic  compounds  were  adsorbed  o.,  the  activated  carbon.  However,  neither 
solvent  washing  nor  Soxhlet  extraction  techniques  proved  to  be  effective 
in  recovering  the  organic  compounds  from  the  type  of  activated  carbon 
available  at  the  time  this  experiment  was  performed. 
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JLlguj_d^Li_qu1d  Extraction 

Liquid-liquid  (countercurrent)  extraction,  another  widely  used  sample  con¬ 
centration  technique  was  Investigated  for  applicability  to  RDX  and  HMX 
wastewaters.  Several  solvents  with  densities  greater  than  and  less  than 
that  of  water  were  considered, as  solubilities  of  RDX  and  HMX  In  various 
solvents  were  reviewed. 

Solubility  data  showed  that  RDX  and  HMX  are  only  slightly  soluble  In  sol¬ 
vents  that  are  Immiscible  with  water.3  Consequently,  continuous  liquid- 
liquid  extraction  did  not  appear  to  be  an  ideal  method.  The  technique  was 
evaluated,  nonetheless,  because  of  potential  capability  for  rapid  treat¬ 
ment  of  large  volumes  of  water. 

A  specially  designed  liquid-liquid  extraction  apparatus  was  used  to 
extract  organic  compounds  from  wastewater.  Ethyl  ether  was  used  as 
the  extraction  medium.  Two  extractors  were  used  to  extract  8  liters 
of  wastewater  simultaneously.  The  following  wastewater  samples  were 
extracted. 

(1)  Lines  6-7  Outfall,  12  liters  extracted 

(2)  Lines  1-5  Outfall,  12  liters  extracted 

(3)  Catch  Basin  Water  from  Production  Buildings  E-6  (HMX),  E-7  (RDX),  G-3 
(RDX),  G-6  (HMX),  H-6  (HMX),  H-8  (RDX)  and  filtered  water,  (3-20 
liters  of  each  extracted). 


Freez_e_Dryinc[ 

The  inadequacy  of  the  liquid-liquid  extraction  method  for  extracting  solids 
In  sufficient  quantities  led  to  efforts  to  freeze-dry  waste  water  samples. 
Excessive  time  was  involved  In  freeze-drying  of  water  samples;  therefore, 
only  two  sampling  points,  RDX  dewater  and  HMX  dewater  streams,  were  chosen 
since  they  would  contain  the  highest  concentrations  of  pollutants  unique  to 
RDX/HMX  manufacturing.  Samples  were  taken  of  the  overflow  from  the  "de- 
water"  settling  tanks  for  concentration  by  freeze-drying. 

The  freeze-drying  apparatus,  Virtis  Model  Nos.  10-131  and  10-11 7-A,  con¬ 
sisted  of  the  following:  vacuum  pump,  freeze  drying  chamber  (8  port), 
condensate  trap,  and  freeze-drying  flasks.  The  coolant  used  to  freeze 
samples  and  to  trap  water  consisted  of  a  dry  ice  and  acetone  mixture. 
Approximately  one  liter  of  dewater  yielded  approximately  200  mg  (0.2  grams) 
of  freeze-dried  solids'.  These  solids  were  submitted  to  E.  I.  DuPont  Analy¬ 
tical  and  Physical  Measurements  Services  (subcontractor)  for  Identification 
analyses  (Appendix  B).4 


6 


Holston  Defense  Corporation 


Kingsport,  Tennessee 


Technical  Report  No.  HDC-51-79 


£vapora.tjon_ 

A  steam-heated,  rotary  vacuum  evaporator  was  also  used  to  concentrate 
Water  samples  because  it  provided  more  rapid  removal  of  water  than  did 
freeze  drying.  A  comparison  between  freeze  dried  and  evaporator-prepared 
solids  by  liquid  chromatography  methods  showed  that  significant  thermal 
degradation  of  components  had  not  occurred  in  the  steam-heated  system. 

This  conclusion  was  arrived  at  by  comparing  chromatograms  relative  to 
numbers  of,  and  intensity  of  the  component  peaks. 

Analytical  Separation  and  Identification 

Gas_  Chromatography 

The  ether  extracts  from  the  liquid-liquid  extraction  method  were  analyzed 
by  gas  chromatography  using  a  Perkin  Elmer  Model  900  gas  chromatograph. 
Isothermal  operations,  helium  carrier  gas,  and  a  flame  ionization  detector 
were  used.  The  columns  used  for  chromatographing  the  samples  are  listed 
below: 

(1)  10%  UC-W-98  on  Chrom  G-AW-OMCS  0.61  m  x  6.3  mm  (2  ft.  x  %  in.)  glass 
column 

(2)  10%  UC-W-98  on  Porapak  Q-S  0.91  m  x  3.2  mm  (3  ft.  x  1/8  in.)  stain¬ 
less  steel  column 

(3)  Porapak  R  1.83  m  x  3.2  mm  (6  ft.  x  1/8  in.)  stainless  steel  column 

(4)  1%  Carbowax  on  Graphitized  Carbon  -  0.91  m  x  3.2  mm  (3  ft.  x  1/8  in.) 
stainless  steel  column. 

All  of  the  above  columns  were  used  in  attempts  to  chromatograph  the  ether 
extracts.  Failures  to  obtain  any  GC  responses  indicated  no  volatile  com¬ 
ponents  were  extracted. 

UcuTd^Cjiro^togra^hj/  i.L£)_and_Ij2frareC  Anal£ses_J  IRl 

The  ether  extracts  were  also  analyzed  by  liquid  chromatography  using  a 
Waters  Associates  Model  202  Liquid  Chromatograph  equipped  with  an  ultra¬ 
violet  (UV)  detector.  A  stainless  steel  column  0.15  m  x  3.2  mm  (6  in.  x 
1/8  in.)  packed  with  Micro  Parti  si 1 R  using  a  solvent  system  of  15%  aceto¬ 
nitrile,  15%  methylene  chloride,  and  70%  hexane,  was  employed. 

Solids  recovered  by  vacuum  evaporation  of  the  water  at  20°C  were  tested  in 
HDC  Laboratories.  Analyses  (See  Figures  A-5  and  A-6)  consisted  of  fractiona¬ 
tion  using  a  Waters  Associates  liquid  chromatograph  equipped  with  a  UV 
detector  and  a  gradient  elution  attachment.  A  stainless  steel  column, 

0.15  m  x  3.2  mm  (6  in.  x  1/8  in.)  packed  with  Micro  Partisil  was  used.  A 
mobile  phase  solvent  system  of  methanol,  acetonitrile,  and  chloroform  with 
hexane  as  the  gradient  solvent,  was  employed.  RDX  dewater  (Bldg.  H-7)  solids 
were  fractionated  (Figure  A-4)  into  13  major  fractions  and  the  solyent  eva¬ 
porated  at  room  temperature.  HMX  dewater  (Building  H-7)  solids  were  frac¬ 
tionated  (Figure  A-5)  into  9  fractions.  Infrareu  analyses  were  performed  on 
the  RDX  dewater  fractions  (as  time  allowed)  before  submissions  to  the  sub¬ 
contractor,  DuPont  (Table  A-l). 
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Infrared  analyses  were  performed  using  either  KBr  discs  or  an  oil  mull 
and  a  Beckman  Model  IR-10  infrared  spectrometer. 

Subcontract,  Wo rk_ 

The  freeze  dried  solids  were  not  tested  at  HDC.  These  solids  and  filtered 
water  extract  were  shipped  to  E.  I.  DuPont  Analytical  and  Physical  Measure¬ 
ments  Service  for  identification  analyses.  Also,  a  data  package  consisting 
of  infrared  and  NMR  scans  of  available  reference  compounds  and  twelve  re¬ 
ference  standard  samples  (Table  A-2)  were  shipped  to  DuPont  to  aid  in  analy-* 
fcical  work.  The  report  (DuPont  Report  No.  754-81)  is  attached  (Appendix  B). 
Only  RDX,  HMX,  TAX  and  SEX  were  identified  in  the  fractions  sent  to  DuPont 
(Table  A-3).  Their  work  indicated  possible  presence  of  a  compound  contain¬ 
ing  acetyl  and  N-NOg  functions,  with  a  cyclic  backbone  in  the  RDX  dewater. 
This  unidentified  component  probably  was  TAX  as  the  compound  may  also  exist 
in  the  RDX  process. 
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EXPERIMENTAL  AND  DISCUSSION 

EXPERIMENTAL5  -  Phase  II 
Collection  of  Samples 

As  determined  In  Phase  I,  the  major  sources  of  nitramlne  pollutants  In 
HSAAP  wastestreams  were  the  filtrates  ("dewater")  from  the  aqueous  RDX 
and  HMX  slurries  produced  In  the  respective  recrystalllzatlon  processes. 
Dilution  of  the  filtrate  was  minimized  by  collection  of  samples  of  "de- 
water"  from  the  overflow  of  the  settling  tanks  at  Building  6-6  (HMX)  and 
Building  H-3  (RDX)  "OX  dewater  (68.4  1)  and  HMX  dewater  (67.5  1)  were 
obtained  from  these  bu*> Icings  for  final  concentration  and  subsequent 
fractionation. 

Sample  Concentration 

Work  In  Phase  I  showed  several  methods  of  sample  concentration  to  be  in¬ 
adequate  for  nltramine  compounds  in  RDX  and  HMX  dewaters.  A  method  em¬ 
ploying  a  mlcroretlcular  resin  (XAD-2  manufactured  by  Rohm  and  Haas)  as 
the  adsorption  medium  was  adapted  to  use  on  wastewaters.  The  resin  was 
washed  with  methanol  and  placed  in  a  glass  column.  0.92  m  x  7.6  cm  (3  ft. 
x  3  In.)  with  glass  wool  plugs  on  the  bottom  and  top  of  the  resin  column. 
The  column  was  filled  with  sample  and  allowed  to  flow  by  gravity  through 
the  resin.  The  organic  components  were  desorbed  from  the  resin  by  wash¬ 
ing  with  a  methylene  chloride/acetonitrile  (88:12  v/v)  solution.  Organic 
compounds  were  recovered  by  evaporation  of  the  solvent  at  room  tempera¬ 
ture  In  a  laboratory  hood.  This  method  showed  a  85%  recovery  efficiency 
using  known  concentrations  of  nitramlnes.  The  RDX  dewater  solids  were 
obtained  by  passing  68.4  1  of  dewater  through  350  g  of  XAD-2  resin  with 
subsequent  desorption  with  4  1  of  methylene  chlorlde/acetonltrlle  (88:12, 
v/v).  Solids  (22.5  g)  were  recovered  by  evaporation  of  the  solvent  at 
room  temperature.  These  were  dissol  -ed  in  acetonitrile  for  fractiona¬ 
tion  by  HPLC.  HMX  dewater  solids  (13.9  g)  were  obtained  from  dewater 
samples  in  the  same  manner. 

Analytical  Separation  and  Identification 
RDX  and  HMX  Dewater  Solids 

Fractionation  of  the  acetonitrile  extracts  of  RDX  dewater  solids  was  per¬ 
formed  using  a  HPLC  preparative  method.  A  Waters  Associates  Model  202 
Liquid  Chromatograph  equipped  with  an  ultraviolet  (UV)  detector  set  at 
280  nm  and  provisions  for  gradient  elution  was  employed,  A  stainless 
steel  column  30.5  cm  x  12.7  mm  (12  in.  x  0.5  in.)  packed  with  5  micron 
(mean  particle  size)  LIChrosorb  Si 60  was  used  with  a  solvent  system  of 
hexane  (weak  solvent)  and  acetonitrile/chloroform  (2:3  (v/v)  strong  sol¬ 
vent)  In  the  gradient  (solvent  delivery)  mode.  A  solvent  flow  rate  of 
7.0  ml/mln  was  used  with  1.4  ml  Injection  of  the  solution  containing  the 
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solids  at  a  concentration  of  46.7  mg/ml.  Eight  fractions  from  each  of 
40  injections  were  collected  using  an  automatic  fraction  collector.  The 
collected  fractions  were  evaporated  to  dryness  at  room  temperature  in  an 
exhaust  hood.  Two  of  the  8  fractions,  were  judged  to  be  minor  components 
based  on  the  peak  area  percent  (4.4)  and  weight  (21  mg)  of  solids  (2.5  g 
injected)  obtained  after  evaporation  of  the  solvent.  Six  of  the  Isolated 
fractions  (minimum  50  mg  each)  were  prepared  for  shipment  to  Midwest  Re¬ 
search  Institute  (MRI)  for  identification.  Three  of  the  6  fractions  were 
extracted  with  chloroform  and/or  carbon  tetrachloride  and  analyzed  by  in¬ 
frared  spectroscopy  prior  to  shipment  to  MRI. 

Fractionation  of  HMX  dewater  solids  was  performed  in  the  same  manner  as 
RDX  dewater  solids.  Sixty  one  injections  of  a  24.1  mg/ml  solution  were 
made  yielding  6  fractions,  two  of  which  were  determined  to  be  minor  com¬ 
ponents  (2.02%  of  total  peak  area).  Therefore  4  HMX  dewater  solids  frac¬ 
tions  and  6  RDX  dewater  solids  fractions  were  shipped  to  MRI  for  identifi¬ 
cation  analyses.  Total  weight  of  each  fraction  was  In  excess  of  50  mg. 

Three  of  the  six  RDX  dewater  fractions  were  identified  as  RDX,  TAX,  and 
SEX  by  MRI.  Three  were  judged  to  be  too  impure  for  identification.  Two 
of  these  contained  no  N-NO2  bonds  and  are  probably  cyclohexanone  deriva¬ 
tives.  Three  of  the  four  HMX  dewater  fractions  were  identified  as  RDX, 
HMX,  and  SEX.  One  was  judged  too  impure  for  identification  but  contained 
no  N-N0o  bonds.  Thus,  the  special  analytical  work  by  MRI  identified  only 
RDX,  HMX,  SEX,  and  TAX  in  effluents  from  MRI  in  agreement  with  the  Phase  I 
work.6 

Cyclohexanone  Wastes 

The  XAD-2  resin  adsorption  method  was  used  collection  of  compounds 

which  are  solids  at  ambient  temperature.  *♦  ihexanone,  the  primary  sol¬ 

vent  used  In  recrystallization  of  RFX,  was  „  ..pled  after  it  had  been  re¬ 
cycled  extensively  in  the  process  to  facilitate  identification  of  related 
volatile  components  present  In  HSAmP's  wastewaters.  The  solvent  was  dis¬ 
tilled  to  concentrate  volatile  and  residual  impurities.  A  portion  of  the 
first  10%  (by  volume)  distilled  and  a  portion  of  the  10%  remaining  in  the 
still  pot  were  sampled.  A  second  distillation  was  performed,  simulating 
the  solvent  clean-up  procedu;-.  -sed  at  HSAAP.  A  portion  of  the  non-vol¬ 
atile  material  which  would  normally  be  discharged  into  the  wastestreams 
was  retained.  These  three  portions  were  shipped  to  MRI  for  identifica¬ 
tion  analyses.  Four  cyclohexanone- related  (see  Analytical  Method  Develop¬ 
ment  section)  compounds  were  identified  in  the  cyclohexanone  wastewater 
samples  by  MRI/  These  compounds  were: 


2-hydroxymethyl  cyclohexanone  I 
spiro-l-oxocyclohexane-2,2' ,  3'.  4',  5‘,  6',  7',  8'  - 

hexahydro-benzo-b-pyran  II 
2-(2-cyclohexenyl )  cyclohexanone  III 
2-(l-cyclohexenyl )  cyclohexanone  IV 
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There  was  no  confirming  evidence  that  any  of  these  compounds  were  pre¬ 
sent  In  the  effluent  wastewaters. 

Reference  Compounds  and  Data  Package 

The  following  data  and  reference  compounds  were  provided  to  MRI  to  support 
their  Identification  analyses  (Appendix  C). 

(1)  Sixteen  reference  (nitramlne  -  related  to  RDX/HMX  manufacturing  process) 
compounds  were  shipped  to  MRI. 

(2)  HPLC  chromatograms  of  these  reference  compounds  along  with  relative 
retention  times. 

(3)  HPLC  chromatograms  of  the  fractions  using  two  separate  HPLC  columns 
(different  from  one  used  for  fractionation),  LIChrosorb  Dlol  am! 

Parti  si  1  PAC  (cyano), 

(4)  HPLC  chromatograms  of  RDX  dewater  solids  and  HMX  dewater  solids  that 
were  fractionated  for  shipment  to  MRI. 

(5)  Infrared  spectra  of  some  of  the  dewater  fractions  of  the  reference 
compounds . 

(6)  Gas  chromatographic  scans  of  the  three  cyclohexanone  distillates. 
Analytical  Method  Development 

The  second  portion  of  Phase  II  consisted  of  monitoring  HSAAP  waste  streams 
for  the  nitramine  pollutants  identified  by  MRI.  Therefore  an  analytical 
method  capable  of  measuring  these  nitramines.  (RDX,  HMX,  SEX,  TAX)  and 
TNT  in  milligram/liter  and  microgram/ liter  ranges  was  needed.  Chemical 
nomenclature  and  trivial  designation  are  given  in  Table  A-3.  Also,  a  method 
for  measuring  cyclohexanone- related  compounds  (identified  by  MRI)  was 
needed.  A  description  of  the  development  of  these  methods  follows. 

W  l^C_f o  r_N  it  rami  ne  s_  and_  TNT 

Concentration  and  HPLC 

Previous  HPLC  work  at  HDC  has  shown  that  chromatographic  separation  of 
nitramine  compounds  can  be  greatly  altered  by  column  functionality  and 
mobile  phase  composition.  A  silica  column  and  three  types  of  column  func¬ 
tionalities  were  tried:  dlol;  amino;  and  cyano.  Silica  gave  the  best  sepa¬ 
ration  of  the  several  nitramines  likely  to  be  encountered  during  analysis. 

As  the  columns  with  different  functionalities  were  being  investigated  so 
were  the  following  solvents  (all  UV  grade):  methanol;  acetonitrile;  tetra- 
hydrofuran;  dioxane;  2-ethoxyethanol ;  formaldehyde;  chloroform;  hexane; 
iso-octane;  and  distilled  water.  Reverse  phase  separations  at  this  time 
were  not  as  efficient  as  the  absorption  separations  using  the  silica  column 
with  a  mixed  solvent  as  the  mobile  phase.  The  mobile  phase  giving  the  most 
efficient  separation  was  5:10:15:70  (v/v)  methanol:  acetonitrile:  chloroform: 
iso-octane,  in  the  isocratlc  mode.  This  mobile  phase  composition  was  arrived 


Holston  Defense  Corporation 


11 


Kingsport,  Tennessee 


Technical  Report  No.  HDC-51-79 


I 


at  by  varying  the  number  and  amounts  of  solvents  until  no  components  were 
eluted  at  t0  (retention  time  of  unretained  components),  baseline  separation 
between  components  was  achieved,  and  total  analysis  time  was  minimized. 

Sample  injection  volume  was  determined  by  performing  multiple  injections 
using  sample  loops  (Injector  valve)  of  different  volumes.  Maximum  injection 
volume  was  found  to  be  30  microliters  as  evidenced  by  peak  shape  and  repeti¬ 
tive  area  counts  (Integrator).  Table  A-19  contains  this  data. 

A  Mlcromeritlcs  HPLC  equipped  with  a  variable  wavelength  detector  (Chro- 
monltor  Model  785)  was  employed  for  nitramines  and  TNT  detection.  The  opti¬ 
mum  wavelength  for  this  particular  detector  was  determined  by  analyzing 
the  same  solution  from  235  nm  to  280  nm  in  5  or  10  nm  increments  (Table  A-4 
and  Figure  A-6).  A  check  of  the  total  percentage  difference  between  240  nm 
and  245  nm  revealed  245  nm  to  be  the  best  wavelength  for  TAX  and  SEX.  Use 
of  a  lower  setting  would  have  increased  sensitivity  to  TAX  but  caused  a 
greater  decrease  In  sensitivity  to  SEX.  This  specific  detector  does  not 
allow  accurate  wavelength  calibration,  thus  these  maxima  were  at  higher 
wavelength  settings  than  the  true  maximum  for  nitramines. 

Detection  limits  using  the  above  HPLC  columns,  wavelength,  mobile  phase, 
and  Injection  volume  were  determined.  Detection  limits  for  RDX  and  HMX 
were  found  to  be  approximately  5  mg/1  (Table  A-19)).  This  was  not  suitable  be¬ 
cause  RDX  and  HMX  concentration  levels  in  some  wastestreams  and  the  Holston  River 
were  known  to  be  In  the  mlcrogram/liter  range.  Therefore  a  concentration 
method  was  necessary  for  application  of  HPLC  in  the  microgram/liter  range. 
Previous  work  in  concentrating  dewater  solids  showed  XAD-2  resin  to  be 
efficient  (85%)  for  absorbing  organic  compounds  from  water,  with  subsequent 
removal  of  the  compounds  with  organic  solvents.  Adsorption  was  performed 
by  gravity  flow  through  the  methanol  washed  resin  in  a  0.92  m  x  7.6  cm 
(3  ft.  x  3  in.)  glass  column.  The  organic  compounds  were  extracted  from  the 
resin  by  using  methylene  chloride:  acetonitrile  (88:12,  v/v).  The  solvent 
was  removed  by  evaporation  from  open  beaker  at  room  temperature  in  an  ex¬ 
haust  hood.  The  resultant  solids  were  dissolved  in  acetonitrile  for  HPLC 
analyses.  Final  Instrument  parameters  were  as  follows  (Figure  A-7). 

Instrument: 

Detector: 

Wavelength: 

Column: 


Mobile  Phase: 

Flow  Rate: 

Injection  Volume: 
Recorder  Chart  Speed: 
Integrator: 


Micromeritics  Model  7000B 
Micromeritics  Chromonitor  Model  785 
(variable  wavelength  UV) 

245  nm 

Stainless  steel,  30.5  cm  x  6.4  mm 

(12  in.  x  0.25  in.),  packed  with  LiChrosorb 

Si 60,  5  micron  MPS 

5%  methanol,  10%  acetonitrile,  15%  chloroform, 
70%  isooctane 
2  -  ml /min 
30  microliters 
0.5  in/min 

Spectra  Physics  System  IV 
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Reverse  Phase  HPLC  -  Direct  Injection 

As  the  preceedlng  HPLC  method  was  being  evaluated,  new  technology  was 
being  developed  on  other  projects  at  HDC  that  exhibited  excellent  poss¬ 
ibilities  for  adaptation  to  wastewater  analysis.  A  reverse  phase  HPLC 
system  was  developed  that  allowed  for  large  volume-direct  injection  of 
water  samples.  Preliminary  Investigations  showed  that  nitramlnes  and 
TNT  separation  was  good  In  the  Isocratlc  mode  with  detection  limits  In 
the  low  mg/1  range.  Conversion  to  the  gradient  elution  mode  gave  Indi¬ 
cations  of  detection  In  microgram/liter  range.  This  could  be  accomp¬ 
lished  by  loading  of  the  front  of  the  column  with  constituents  from 
aqueous  samples  because  the  weak  solvent  (water)  would  not  elute  the 
components.  Introduction  of  a  strong  solvent  via  gradient  elution  de¬ 
sorbed  the  constituents  and  further  aided  component  separation. 

Based  on  these  preliminary  results,  the  reverse  phase  -  direct  injection 
HPLC  method  was  adopted.  Refinement  was  made  by  switching  from  isocratic 
to  gradient  elution,  This  not  only  shortened  components* elution  time 
but  allowed  for  larger  injection  volumes  when  using  water  as  the  weak  sol¬ 
vent  and  methanol:  acetonitrile  as  the  strong  solvent.  A  solvent  pro¬ 
gram  of  0-40%  (weak-strong)  In  5  minutes  was  used.  Injection  volumes 
from  30  microliters  to  1.5  ml  were  tried  with  the  optimum  (detection 
versus  component  separation)  -injection  volume  of  0.7  ml  being  selected. 
Detection  of  less  than  0.1  mg/1  of  nitramlnes  and  TNT  was  possible  using 
this  method.  Therefore,  the  concentration  method  was  eliminated  because 
of  superiority  of  the  newly  developed  procedure.  The  new  method  reduced 
analysis  time,  and  improved  precision  and  accuracy  by  avoiding  tedious 
analysis  steps  and  minimizing  potential  degradation  or  sample  loss.  The 
evaluation  of  this  method  relative  to  this  application  follows  on  page  15. 

Method  refinement  produced  the  following  instrument  parameters  for  the 
reverse  phase-direct  injection  HPLC  method  (Figure  A-8). 


Instrument: 

Detector: 

Column: 


Mobile  Phase: 

Gradient  Curvature: 
Gradient  Range: 
Gradient  Time: 

Flow  Rate: 

Injection  Volume: 
Recorder  Chart  Speed: 
Integrator: 


Micromeritics  Model  7000B 

Mi cromer 1  tics  Chromonitor  Model  785  (variable 

wavelength  detector)  at  230  nm. 

Stainless  steel,  30.5  cm  x  6.4  mm  (12  in.  x 
0.25  in.)  packed  with  RP-8  LiChrosorb,  10 
micron,  MPS 

Weak  -  water;  strong  -  methanol;  acetonitrile 
(2:1,  v/v) 

Concave  1 

0%  weak  to  40%  strong 
5  min. 

3.0  ml /min. 

0.7  ml 

0.5  in. /min. 

Spectra  Physics  System  IV 
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A  deterioration  of  the  source  lamp  for  the  variable  wavelength  detector 
occurred  during  refinement  of  the  reverse  phase  HPLC  method.  Lamp  replace¬ 
ment  and  calibration  of  wavelength  were  performed.  The  optimum  wavelength 
for  nitramines  had  changed  from  a  setting  of  245  nm  to  230  nm  for  the  UV 
detector.  This  new  wavelength  was  obtained  by  determining  reponses  for  an 
aqueous  solution  of  nitramines  (one  mg/1)  at  wavelengths  downward  from  245  nm 
(no  wavelength  tried  above  this  as  sensitivity  started  increasing  for  the 
lower  wavelengths). 

Gas  Chromatography  (GC) 

The  following  compounds  related  to  cyclohexanone  were  identified  by  MRI 
from  the  cyclohexanone  distillates: 


2-hydroxymethyl cycl ohexanone 


I 


spiro  l-oxocyclohexane-2,21 ,  3',  4',  5',  6',  7',  8', 
hexahydrobenzo-b-pyran  II 

2-(2-cyclohexenyl )  cyclohexanone  III 

2-(l-cyclohexenyl )  cyclohexanone  IV 


Compounds  I,  II,  and  III  were  supplied  in  1  gram  quantites  by  MRI  with  a 
purity  of  99  %.  The  fourth  (IV)  compound  was  purchased  by  HDC.  Attempts 
to  chromatograph  these  compounds  by  HPLC  was  abandoned  due  to  the  large 
number  of  component  peaks  observed  using  two  different  HPLC  methods.  At 
this  point  gas  chromatographic  analysis  was  attempted  using  a  Perkin  Elmer 
Model  900  Gas  Chromatograph.  Isothermal  operation,  helium  carrier  gas,  and 
a  flame  ionization  detector  were  employed.  The  columns  used  are  listed  below: 


(1)  Chrom  W  +  3%  0V-1 ,  1.85  m  x  3.2  mm  (6  ft.  x  0.124  in.)  stainless  steel. 

(2)  Porapak  P-S,  1.85  m  x  3.2  mm  (6  ft.  x  0.125  in.)  aluminum  (teflon  lined). 

(3)  Porapak  S,  0.92  m  x  3.2  mm  (3  ft.  x  0.125  in.)  aluminum  (teflon  lined). 


None  of  the  four  compounds  were  detected  using  column  1;  all  were  eluted  on 
2,  but  the  retention  times  were  long  (22  ;nin.)  and  the  component  peaks  were 
too  wide  for  quantitation;  all  were  eluted  using  column  3  with  an  analysis 
time  of  8  minutes.  Compounds  I  and  II  had  the  same  retention  time  as  did  III 
and  IV.  Final  GC  instrument  parameters  are  as  follows:  (Figures  A-9  and  A-10). 


Instrument: 

Detector: 

Column: 

Oven  Temperature: 
Manifold  Temperature: 
Injector  Temperature: 


Perkin  Elmer  Model  900  Gas  Chromatograph 
Flare  Ionization 

Porapak  S,  0.92  m  x  3.2  mm  (3  ft.  x  0.125  in.) 
aluminum  (teflon  lined) 

250°C 

225°C 

225°C 


Holston  Defense  Corporation  14 


Kingsport,  Tennessee 


Technical  Report  No.  HDC-51 -79 


Carrier  Pressure:  52  psl 

Carrier  Flow:  60  ml /min 

Hydrogen  Pressure:  30  psi 

Air  Pressure:  52  psl 

Attenuation:  X4 

Recorder  Chart  Speed:  0.5  In/ml n 


Analytical  Method  Evaluation  1 

Concentration,  and^  HPLC  \ 

An  extensive  evaluation  of  the  HPLC  and  XAD-2  resin  concentration  methods  i 

was  undertaken.  A  plan  for  evaluating  the  analytical  method  was  designed  i 

on  the  basis  of  the  method  of  Hubaux  and  Vos  so  that  a  useful  range  of  f 

analysis  and  the  accuracy  of  the  method  could  be  determined  from  one  set  i 

of  data.  1 

x 

Standard  solutions  containing  RDX,  HMX,  SEX,  TAX,  and  TNT  were  prepared.  | 

The  compounds  were  dissolved  In  a  minimum  quantity  of  acetone  and  sub-  I 

sequently  diluted  with  distilled  water  to  4  1  to  give  the  concentrations  f 

shown  In  Table  A-5.  The  standard  solutions  volumes  of  4  liters  were  taken  [ 

through  the  concentration  (4  1  to  50  ml)  step  prior  to  HPLC  analysis  .  ? 

(Figure  A-6).  Quantification  was  by  use  of  Spectra  Physics  Model  IV  integra¬ 

tor.  Reference  samples  (external  standards)  were  analyzed  at  the  same  time 
as  standard  solutions  for  calculation  purposes.  HPLC  results  obtained  by 
analyzing  these  standards  are  also  In  Table  A-5.  These  standard  solutions  J 

were  In  the  mllllgram/llter  range.  Original  plans  called  for  evaluation 
of  the  method  In  mlcrogram/llter  range,  but  at  this  point,  a  switch  to  the 
reverse  phase-direct  Injection  method  (Figure  A-8)  was  made  because  of  low 
overall  recovery  efficiency  noted  for  several  of  the  compounds. 

Reverse  Phaser  HPLC_-_Di_rect  Injection, 

An  extensive  evaluation  of  the  reverse  phase-direct  injection  method  was 
undertaken  using  the  experimental  plans  formulated  for  the  original  HPLC 
and  concentration  method.  Standard  solutions  (100  ml)  of  RDX,  HMX,  SEX, 

TAX,  and  TNT  In  distilled  water  were  prepared  by  dilution  of  an  acetone 
stock  solution  for  analysis.  Precision  and  accuracy  were  determined  by 
performing  multiple  Injections  of  mixtures  of  the  standard  solutions,  i 

Solutions  containing  the  five  components  in  concentrations  of  1,  6  and  10 
mg/1  and  50  and  200  yg/l  (Tables  A-6  through  A-10,  respectively)  were  analyzed.  j 

The  experimental  plan  for  determining  the  lower  detection  limit  called  for  I 

preparation  of  solutions  containing  TNT  and  the  nitramines,  identified  I 

by  MRI ,  Six  standard  solutions  were  prepared  in  the  ranqe  of 
0.5  to  16  mllllgrams/ltter.  HPLC  analyses  produced  the  results  and  sub¬ 
sequent  statistical  evaluation  in  Table  A-ll.  Five  standard  solutions 
were  prepared  tn  the  range  of  10  to  200  micrograms/liter.  HPLC  analyses 
produced  the  results  and  statistical  evaluation  In  Table  A-12.  The  lower 
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detection  limits  for  each  of  the  compounds  are  also  listed  in  Table  A-12. 

The  computer  program  supplied  by  Dr.  E.  W.  Sarver  (ARRADCOM  Chemical  Systems 
Laboratory)  to  evaluate  the  data  on  the  basis  of  Hubaux  and  Vos  technique 
was  adapted  to  use  on  the  G.  E.  time  sharing  computer  at  HOC. 

Gas_  £h  ro mat ograp ny_ 

The  GC  method  of  analysis  used  to  determine  the  cyclohexanone  related  com¬ 
pounds  was  evaluated  as  to  lower  detection  limits  by  use  of  the  Hubaux  and 
Vos  method.  Solutions  containing  known  quantities  of  the  four  components 
over  the  range  of  5-100  mg/1  were  analyzed  to  establish  the  lower  detection 
limits  (Table  A-13). 

Wastestream  Monitor 


Sampling_ 

A  review  of  active  production  buildings  and  the  wastestreams  serving  these 
buildings  was  performed.  Three  industrial  effluent  streams  (underground 
sewers)  were  selected  because  they  contained  all  the  manufacturing  and  pro¬ 
cessing  water  produced  at  Area  B  (process  cooling  water  not  included  in  this). 
Two  sampling  points  (Figure  A-3,  points  2  and  3)  serving  lines  6-7  and  1-5 
and  one  sampling  point  (Figure  A-3,  point  4)  serving  part  of  line  1  and  the 
acid  area.  The  fourth  sampling  point  (Figure  A-3,  point  4')  was  the  receiving 
waters  for  these  wastestreams,  the  Holston  River.  Sampling  point  4'  was  at 
the  boundary  of  HSAAP  on  the  plant  side  of  the  river  approximately  one  mile 
below  the  lower  plant  effluent.  This  point  was  selected  with  the  hope  of 
'laving  the  most  representative  sample  after  mixing  of  the  wastestreams  and 
river  water. 

Portable-automatic  streams  samplers  (Manning  Portable  Samplers,  Model  S-3000 
Composite)  were  used  for  collection  of  samples.  The  samplers  were  set  at  a 
rate  of  200  ml  per  hour  for  a  time  period  of  24  hours.  An  aliguct  (500  ml) 
of  each  sample  was  saved  for  analysis.  The  pH  of  each  sample  (Table  A-14) 
was  checked  and  the  solution  was  acidified  with  acetic  acid  if  on  the  basic 
side.  The  pH  was  adjusted  to  preclude  any  possible  degradation  of  the  nitra- 
mines  during  refrigerated  storage.  A  record  of  the  production  buildings  opera¬ 
ting  during  each  sampling  period  was  made  (Table  A-15).  (Figure  A-2  is  a 
schematic  showing  the  function  of  production  buildings  in  a  typical  production 
line.)  Flow  rates  of  each  wastestream  and  the  Holston  River  were  taken  during 
the  sampling  period  (Table  A-16).  The  flow  of  the  Holston  River  was  obtained 
by  converting  river  stage  readings  at  the  filter  plant  to  flow  rates. 

HPLC_AnaXy  si 1 

The  monitor  was  initiated  on  May  10,  1979  with  samples  collected  on  May  11, 
1979.  HPLC  analyses  for  nitramines  and  TNT  were  initiated  at  the  end  of  each 
24  hour  sampling  period  and  completed  by  the  following  day  (Table  A-14,  Figures 
A- 11  and  A-12).  One  set  (4)  of  samples  per  week  for  each  of  6  weeks  was 
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taken  and  analyzed.  The  first  set  of  samples  taken  was  analyzed  3  times 
over  the  duration  of  the  monitor  other  than  the  initial  analysis.  This 
was  done  to  determine  if  any  degradation  of  the  nitramines  or  TNT  occurred 
during  refrigerated  storage  (Table  A-17).  From  one  to  five  extraneous  peaks 
were  found  in  HPLC  chromatograms  01  samples  analyzed.  The  retention  times 
of  the  extraneous  components  did  not  agree  with  known  retention  times  of 
other  nitramine  reference  compounds.  Retention  times  of  these  components 
were  in  the  area  where  low  boiling  solvents  are  known  to  elute  using  the 
HPLC  reverse  phase  mode. 

The  total  mass  per  day  of  RDX  and  HMX  in  the  effluents  was  calculated  on 
the  basis  of  concentrations  found  and  stream  flows  (Table  A-16).  The  mean 
daily  quantities  of  nitramines  delivered  to  the  river,  based  on  the  four 
24-hour  monitor  periods,  were  156  lbs  (70.8  kg)  RDX,  45  lbs  (20.4  kg)  HMX, 

49  lbs  (22.2  kg)  TAX,  and  33  lbs  (15.0  kg)  SEX.  The  low  daily  emission 
from  the  plant  through  the  three  effluents  is  in  agreement  with  historical 
emission  quantities.  Therefore,  the  concentration  in  the  river  appears  to 
be  higher  than  theoretically  possible  based  on  effluent  concentrations. 

This  high  bias  is  attributed  to  incomplete  mixing  of  the  effluent  with  the 
river  at  the  sample  point.  The  two  high  RDX  concentrations  detected  for 
sample  point  No.  3  on  May  10  and  May  29  are  attributed  to  known  spills  of 
RDX/wax  resulting  in  an  increase  in  the  soluble  fraction  in  the  effluent. 

Gas  Chromatographic  Analyses 

Gas  chromatographic  analyses  were  performed  on  the  monitor  samples  to 
determine  concentrations  of  the  4  cyclohexanone  related  compounds  (Table 
A- 1 8 ) .  The  concentrations  shown  for  Compounds  I  or  II  could  be  either  or 
a  combined  total  of  both,  calculated  as  Ccmpound  I.  Compounds  III  and  IV 
were  not  detected  in  any  samples  and  if  present  were  below  the  lower  detec¬ 
tion  limits  as  established  in  the  method  evaluation  section.  The  consis¬ 
tency  of  concentrations  of  Compounds  I  and  II  in  the  effluents  and  Holston 
River  could  be  due  to  interferences  in  the  GC  method  of  analysis. 
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A— 2.  Holston  Array  Ammunition  Plant  Schematic  of  Explosive  Production  Line  Area 


ir  '  ’  Sample:  Acetonitrile  Extract  of 

;j  Freeze  Dried  Solids  from  RDX  De- 

[•  water 

Date:  2-14-75  Operator:  H.D.F. 
j  ;  Column  No.:  30  Length:  152.4  mm(6  in.) 

^  i  I.D.:2.1  mm(0.125  in.) 

j  Column  Packing:  6  micron  Partasil 

i  !  Mobile  Phase  and  Gradient:  Pump  A  -  hexane 

Pump  B  -  20%  methanol,  30%  acetonitrile,  and 
50%  chloroform 

Initial  Condition:  0%  Time:  3.6  k  sec.  (1.0  hr.) 
Final  Condition:  100% 

Pressure:  1.406  M  Pa  (2000  PSI)  Flow:  1.0  ml/60  sec. 
Detector:  UV,  254  nm  Sensitivity:  08 
Chart  Speed:  5.1  mm/60  sec.  (0.2  in. /min.) 

Gradient  Curve:  No.  7 
Injection  Amount:  10  microliters 


Figure  A-4.  HPLC  Chromatogram  of  RDX  Dewater  Soltds 


Normalized 
Count  100 


Wavelength,  nm 


The  above  data  was  taken  from  Table  A-4. 


Figure  A-6.  Optimum  Wavelength  Determinations  for 

Nitramines  and  TNT  Micromeritics  Chromomonitor  785 


Table  A-l 

RDX  and  HMX  Dewater  Fractions 
Infrared  Analyses  -  Results  (HDC  Personnel) 


Sample 

Remarks 

RDX  Dewater 

ES-1* 

(NH^JgSC^?  +  unidentified  component 

ES-2 

(NHi^gSOjj?  +  unidentified  component 

ES-3 

Insufficient  sample 

ES-4 

Insufficient  sample 

ES-5 

(NHiJgSO^?  +  unidentified  component 

ES-6 

Unidentified  component  -  appears  organic 

ES-7 

(NHi^gSO^?*  unidentified  component 

ES-8 

(N^JgSO^?  +  RDX  +  unidentified  component 

ES-9 

Single  component,  similar  to,  but  not  SEX 

ES-10 

(NH4)gS04?  +  unidentified  component 

ES-11 

(NH^gSOh?  +  unidentified  component 

ES-12 

Primarily  SEX,  seme  RDX,  and  unidentified  component 

ES-13 

k  unidentified  components 

HMX  Dewater** 

ES-7  1  Insufficient  for  characterization-  organic;  not  explosive 

2  Unidentified.  Same  as  H-7,  ES-9. 

ES-6  3  Unidentified;  may  be  mixture  of  ES-7,  1  &  2. 

4  Unidentified;  similar  to  ES-b,  3,'  ES-7,  2  present. 

5  Impure  RDX 

ES-8  6  Unidentified;  same  as  ES-7,  2. 

7  Unidentified;  resembles  RDX  and  ES-7,  2. 

*ES  =  solids  obtained  using  a  rotary  vacuum  evaporator;  1  =  first  fraction, 

2  =  second  fraction,  etc.,  eluted  from  liquid  chromatograph  during 
fractionation  of  components. 

**  =  Only  3  fractions  analyzed  due  to  expenditure  of  funds.  Fractions  ES-7, 

ES-6  and  ES-8  were  refractionated  into  fractions  1,  2,  3,  etc. 
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Table  A-2 


Reference  Compounds  Sent  to  E.  I.  DuPont  Analytical  and  Physical  Measurements 
Services  and  Midwest  Research  Institute 


H-16,  C11H19N70i1 

1 .9- di acetoxypentamethyl ene-4-acetyl -2,6 ,8-tri ni trotetrami ne 
H-6,  C9Hi6N402,  2, 6-di acetyl pentamethylenetetramine 

DNPT  (or  DPT)  C5H10Ng04 

2 .6- di ni tro ( bi cycl o)pentamethyl enetetrami ne 
AcAn,  ^gH-jgNgO^ 

1 .9- di acetoxypentamethyl ene-2 ,4 ,6 ,8-tetrani trami ne 
Compound  "C",  Structure  not  known. 

BSX,  C8H]4N6010 

1 . 7 - di acetoxy tetramethy 1 ene-2 , 4 , 6- tri ni trami ne 
PHX,  C7H13N708 

1 - (N ) -methyl ol acetate-3 ,5 , 7-tri ni tro  cycl otetramethy 1 ene  tetrari ne 
H-2*C9H18N6°4 

1 -acetami do-methyl  hexamine-1 -ni trate 
PHX-AN,  No  Information 

RDX,  C3HgN606  cycl otrimethylenetrini trami ne 
HMX,  C^gNgOg  cycl  otetramethy!  enetetrani  trami  ne 


SEX,  CgH-|N70^,  octahydro-i-(N)-acetyl-3,5,7-trinitro-l ,3,5,7-tetrazine 
*HAMN,  CgH-jgNgOg,  hexamethylenetetramine  mononitrate 

*"106",  CgHigNioO^,  1 ,9-Dinitroxy-2,4,6,8=tetranitro-2,4,6,8-tetraazanonane 
*TTP,  C2HgNg0g,  1 ,3,5-trinitro-l ,3,5-triazapentane 
*HADN,  CgH-|4Ng0g,  hexamethylenetetramine  di  nitrate 


*  Sent  to  Midwest  Research  Institute  only. 
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Table  A-3 

Compounds  Identified  by  DuPont  Analytical  Services 


RDX 

IUPAC  Nomenclature 

Hexahydro-1 , 3 , 5-trinitro-l , 3 , 5-triazine 
Chemical  Nomenclature 
Cyclotrimethylenetrinitramine 
Molecular  Formula 
C3H606N6 

Molecular  Weight 
222.13 

Melting  Point 
204. 1°C 

HMX 

IUPAC  Nomenclature 

Octahydro-1 ,3,5, 7-tetranitro-l , 3,5, 7-tetrazine 
Chemical  Nomenclature 
Cyclotetramethylenetetranitramine 
Molecular  Formula 

C4H8°8N8 

Molecular  Weight 
296.17 

Melting  Point 
280°C 


m 


Mn 


Table  A-3  (continued) 


SEX 

IUPAC  Nomenclature 

0ctahy4ro-l- (N) -acetyl-3 , 5 ,7-trinitro- 
1,3,5,7-tetrazine 

Molecular  Formula 

C6Hn07»7 

Molecular  Weight 
293.21 

Melting  Point 


no2. 


224.2  -  224. 7°C 


TAX 

IUPAC  Nomenclature 

hexahydro-1- (N) -ac 
3,5-triazine 

Molecular  Formula 

c5h9o5n5 

Molecular  Weight 
219.17 

Melting  Point 
156°C 
Reference 

Basseler,  Gerald  Clayton,  "The  Chemistry  of  Cyclonite",  National  Defense 
Research  Committee  of  the  Office  of  Scientific  Research  and  Development, 
Division  8  Informal  Report,  October,  1943. 


etyl-3,5,-dinitro-l. 


O^C-CH^ 
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Table  A-4 


Optimum  Wavelength  Determinations  for  Nitramines  and  TNT 
Micromeritics  Chromonitor  785 


Peak  Area,  Counts 


Wavelength.nm 

TNT 

RDX 

HMX 

BSX 

AcAn 

TAX 

SEX 

235 

27,488 

22,416 

37,045 

15,024 

17,319 

10,699 

5,622 

240 

30,898 

32,901 

40.883 

14,732 

20,189 

20,336 

24,915 

245 

33,465 

30.896 

38,226 

13,452 

27,055 

16,698 

33,684 

250 

32,794 

28,825 

25,680 

10,090 

17,589 

17,828 

16,123 

254 

32,074 

26,220 

23,531 

8,842 

14,247 

15,525 

15,132 

260 

26,148 

20,731 

11,653 

4,853 

8,155 

13,434 

14,917 

270 

18,861 

10,645 

5,927 

2,343 

3,538 

5,858 

3,792 

280 

11,187 

4,444 

ND 

669 

1,040 

1,998 

1,139 

Normalized,  ( 

founts 

'  TNT 

~RfiX 

HMX 

BSX 

AcAn 

TAX  " 

Sex 

235 

82.14 

68.13 

90.61 

100.00 

64.01 

52.61 

16.69 

240 

92.33 

100.00 

100.00 

98.39 

74.62 

100.00 

73.97 

245 

100.00 

93.91 

93.50 

89.54 

100.00 

82.11 

100.00 

250 

97.99 

87.61 

62.81 

67.16 

65.01 

87.67 

47.87 

254 

95.84 

79.69 

57.56 

58  85 

52.66 

76.34 

44.92 

260 

78.14 

63.01 

28.50 

32.30 

30.14 

66.06 

44.29 

270 

56.36 

32.35 

14.50 

15.60 

13.08 

28.81 

11.26 

280 

33.43 

13.51 

0.00 

4.45 

3.84 

9.82 

3.38 
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Analysis  of  Standard  Solutions 
HPLC  and  Concentration 


Concentration, 

Milligrams/Liter 

TNT 

Mixture  No. 

RDX 

HMX 

SEX 

TAX 

7 

Added 

0.50 

1.00 

4.00 

8.00 

12.00 

Found  1 

0.15 

0.98 

3.33 

6.66 

9.84 

Found  2 

0.41 

0.77 

3.17 

6.44 

9.32 

8 

Added 

1.00 

16.00 

12.00 

4.00 

8.00 

Found  1 

1.11 

:  3 . 1 0 

9.48 

4.20 

6.73 

Found  2 

1.35 

10.64 

11.20 

3,72 

6.49 

9 

Added 

4.00 

12.00 

8.00 

0.50 

16,00 

Found  1 

3.57 

9.06 

5.60 

0.35 

10.69 

Found  2 

3.21 

8.61 

5.71 

0.38 

10.03 

10 

Added 

8.00 

4.00 

16.00 

1.00 

0.50 

Found  1 

6.76 

4.44 

10.61 

0.52 

ND* 

Found  2 

6.76 

3.01 

11.85 

0.51 

0.07 

11 

Added 

12.00 

0.50 

1.00 

16.00 

4.00 

Found  1 

10.55 

0.47 

0.74 

11.95 

1.48 

Found  2 

7.91 

0.01 

0.56 

8.42 

1.09 

12 

Added 

16.00 

8.00 

0.50 

12.00 

1.00 

Found  1 

14.35 

7.13 

NO* 

8.11 

0.86 

Found  2 

17.16 

6.84 

0.15 

8.19 

0.84 

*None  detected 

1 


i r 

i 

5 


Mol ston  Defense  Corporation 


37 


Kingsport,  Tennessee 


■ *  'w 
“ - -  - ■ - -  -j^r 


Ctm,^  V  V  yJ-4 


Table  A-6 


Precision  and  Accuracy  Determinations 
HPLC  Direct  Injection 


Found  .Mil  Uqrams/LI  ter  1 


No.1 

SEX 

TAX 

HMX 

RDX 

TNT 

1 

1.00 

1.02 

1.00 

1  .02 

1.02 

2 

1.03 

1.06 

1.19 

1.19 

1.02 

3 

1.04 

1.05 

1.18 

1.24 

1.03 

4 

0.99 

0.97 

1.01 

1 .07 

1.00 

5 

1.06 

0.98 

1.04 

1.10 

1.00 

6 

1.10 

0.96 

1.10 

1.04 

1.02 

7 

1,05 

0.94 

1.09 

1.22 

0.96 

8 

1.05 

0.95 

1.21 

1.02 

0.93 

S 

1.04 

1.01 

1.20 

1.03 

0.97 

10 

1.16 

0.89 

1.12 

1 .18 

1.03 

11 

0.98 

1.00 

0.96 

1.05 

1.03 

Precision 

Accuracy^ 

0.05 

0.04 

0.05 

-0.04 

0.08 

0.09 

0.08 

0.08 

0.03 

-0.02 

1 .  The  sample 

contained 

the  five  components  at  1 

mq/1 . 

2.  Accuracy  =  Found  minus  Known 
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Table  A-7 


Precision  and  Accuracy  Determinations 
HPLC  Direct  Injection 


FouncL..  Mi  LI  inrams/ Li  terl  _ 


No.1 

SEX 

TAX 

aitMi  wvltw*  -  »  - 

HMX 

RDX 

TNT 

1 

6.00 

6.12 

6.0C 

6.12 

6.12 

2 

5.78 

5.77 

5.56 

5.34 

5.60 

3 

6.36 

5.84 

6.03 

5.65 

6.17 

4 

6.25 

5.33 

6.03 

5.65 

5.79 

5 

5.83 

6.01 

5.60 

5.70 

6.17 

6 

6.24 

5.81 

5.94 

5.51 

6.14 

7 

6.40 

5.50 

5.93 

5.25 

5.73 

8 

6.53 

5.66 

5.69 

5.47 

6.18 

9 

6.00 

5.04 

5.82 

5.92 

6.11 

10 

6.14 

5.14 

5.76 

5.21 

5.87 

11 

6,02 

5.15 

5.80 

5.41 

6.28 

Precision 

0.24 

0.35 

0.16 

0.28 

0.23 

Accuracy  ^ 

0.14 

-0.63 

-0.17 

-0.55 

-0.11 

1.  The  solution  contained  each  component  at  6  mq/1 

2.  Accuracy  =  Found  minus  Known 
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Table  A-8 


Precision  and  Accuracy  Determinations 
HPLC  Direct  Injection 


hound,  Milligrams/Liter^ 


No.' 

SEX 

TAX 

HMX 

RDX 

TNT 

1 

10.00 

10.20 

10.00 

10.20 

10.20 

2 

8.70 

10.18 

9.50 

10.28 

10.26 

3 

10.35 

10.57 

10.20 

10.95 

10.54 

4 

9.48 

10.83 

10.25 

10.57 

11.62 

5 

9.66 

10.61 

10.22 

12.35 

9.90 

6 

10.51 

10.85 

10.05 

10.50 

10.60 

7 

11.15 

10.81 

10.62 

11.00 

10.74 

8 

8.23 

9.98 

9.34 

10.09 

10.40 

9 

9.99 

9.66 

9.85 

9.75 

10.19 

Precision 

Accuracy^ 

0.90 

-0.22 

0.42 

0.21 

0.39 

0.00 

0.76 

0.43 

0,49 

0.29 

1.  The  sample  contained  the  five  components  at  10  mg/1. 

2.  Accuracy  =  Found  minus  Known 
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Table  A-9 

Precision  and  Accuracy  Determinations 
HPLC-Direct  Injection 


Found,  Micrograms/Liter 


No.  1 

SEX 

TAX 

HMX 

RDX 

TNT 

1 

50.0 

50.0 

50.2 

50.8 

50.6 

2 

40.9 

38.9 

57.4 

50.8 

42.2 

3 

31.8 

38.9 

53.8 

53.8 

50.6 

4 

36.4 

38.9 

71.7 

59.8 

50.6 

5 

36.4 

44.-4 

64.5 

56.8 

50.6 

6 

40.9 

50.0 

61.0 

53.8 

50.6 

7 

40.9 

38.9 

78.9 

53.8 

59.3 

8 

45.5 

44.4 

75.3 

56.8 

59.3 

9 

50.0 

50.0 

64.5 

53.8 

50.6 

10 

40.9 

44.4 

64.5 

59.8 

50.6 

Precision, 

Accuracy^ 

5.8 

4.9 

9.2 

3.2 

4.9 

-8.6 

-6.1 

13.9 

4.2 

0.9 

1.  The  solution  contained 

2.  Accuracy  =  Found  minus 

the  five 
Known 

componer  ,s 

at  50  yg/ml 
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Table  A- 10 

Precision  and  Accuracy  Determinations 
HPLC  Direct  Injection 


Found.  Microerams/Liter1, 


No.1 2 

SEX 

TAX 

HMX 

RDX 

TNT 

1 

200.0 

200.0 

200.8 

203.2 

202.4 

2 

175.8 

225.0 

225.9 

193.3 

236.1 

3 

175.8 

187.5 

175.7 

203.2 

191.2 

4 

175.8 

181.3 

185.7 

198.2 

213.6 

5 

175.8 

187.5 

175.7 

208.2 

202.4 

6 

181.9 

200.0 

185.7 

203.2 

202.4 

7 

187.9 

200.0 

190.8 

193.3 

202.4 

8 

181.9 

187.5 

210.8 

223.0 

202.4 

9 

200.0 

206.3 

205.8 

208.2 

213.6 

10 

181.9 

187.5 

180.7 

203.2 

202.4 

Precision 

9.6 

12.9 

16.6 

8.6 

12.1 

Accuracy 

-15.4 

-3.7 

-6.2 

0.5 

3.6 

1.  The  solutions  contained  the  fi ve  components  at  200  ug/ml. 

2,  Accuracy  a  Found  minus  Known 
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Table  A-il 

Analysis  of  Standard  Solutions 
HPLC  Direct  Injection 


Concentration ,  mg /liter 


No.  7  Added 
Found  1 
Found  2 

No.  8  Added 
Found  1 
Found  2 

No.  9  Added 
Found  1 
Found  2 

No.  10  Added 
Found  1 
Found  2 

No.  11  Added 
Found  1 
Found  2 

NoT  12  Added 
Found  1 
Found  2 


RDX 

HMX 

SEX 

0.51 

1.00 

4.00 

0.73 

1.09 

4.10 

0.87 

1.36 

4.10 

1.02 

16.06 

12.00 

1.51 

14.08 

12.71 

1.48 

13.38 

11.90 

4.06 

12.04 

8.00 

4.25 

9.56 

9.41 

4.03 

9.10 

8.90 

8.13 

4.02 

16.00 

7.53 

4.11 

17.03 

7.95 

4.42 

18.75 

12.19 

0.50 

1.00 

10.55 

-  * 

0.96 

10.22 

-  * 

0.67 

16 . 26 

8.03 

0.50 

13.76 

4.93 

0.38 

13.15 

4.22 

0.22 

0.51 
-  * 
-  * 

1.02 
0.34* 
_  * 

16.26 

15.20 

15.50 

12.19 

10.52 

10.62 


V 

:  1.5 

11.46 


16.19 

14.27 

13.80 


*These  components  were  masked  at  this  concentration  due  to  the  high  concentration 
of  the  component  eluting  immediately  prior  to  t  m.  Elution  order  was:  SEX; 
TAX;  HMX;  RDX;  and  TNT. 

Statistical  Evaluation 


RDX 

HMX 

SEX 

TAX 

TNT 

Precision  (Range  Method 

0.258 

0.434 

0.515 

0.093 

0.193 

o  .Im¬ 

precision  (D^  Method) 

0.246 

0.371 

0.576 

0.112 

0.191 

Average  Difference 

-0.696 

-1.338 

0.512 

-0.575 

-0.475 

Standard  Deviation  of 

Difference 

1.320 

1.724 

0.839 

0.851 

0.892 

Standard  Error 

0.539 

0.771 

0.342 

0.426 

0.364 

I 
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Table  A-12 


Mixture 


Analysis  of  Standard  Solutions 
HPLC  Direct  Injection 


Concentration,  Micrograms/Liter 


No. 

RDX 

HMX 

SEX 

TAX 

TNT 

1  Added  1 

25.4 

50.2 

100.0 

203.2 

10.1 

Found  1 

30.0 

42.0 

138.4 

220.7 

ND 

Found  2 

35.0 

42.0 

112.1 

186.8 

ND 

2  Added 

50.8 

100.4 

200.0 

10.2 

25.3 

Found  1 

39.5 

70.1 

191.2 

ND 

74.9 

Found  2 

43.9 

84.1 

197.8 

ND 

56.2 

3  Added 

101.6 

200.8 

10.0 

25.4 

50.6 

Found  1 

96.5 

112.1 

ND 

ND 

93.7 

Found  2 

87.7 

126.1 

ND 

ND 

93.7 

4  Added 

203.2 

10.0 

25.0 

50.8 

101.2 

Found  1 

171.0 

ND 

26.4 

45.1 

131.2 

Found  2 

171.0 

ND 

32.9 

45.1 

112.4 

5  Added 

10.2 

25.1 

50.0 

101.6 

202.4 

Found  1 

ND 

14.1 

59.3 

101.9 

224.9 

Found  2 

ND 

14.1 

65.9 

96.2 

224.9 

Statistical 

Evaluation 

Precision  (Range 
Method)10 

3.9 

8,3 

10.2 

16.7 

8.3 

O 

Precision  (D 
Method)11 

3.8 

8.1 

10.1 

15.6 

9.4 

Average  D1 f ference-1 1 . 9 

-37.7 

9.2 

6.0 

31.6 

Standard  Deviation 

of  Difference 

14.7 

38,8 

13.0 

12.2 

11.7 

Standard  Error 

7.4 

22.4 

6.5 

7.0 

5.9 

Lower  Detection 
Limit8 

34.7 

63.4 

23.7 

52.0 

60.8 
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Table  A-13" 

Cyclohexanone  Related  Comoounds 
Gas  Chromatographic  Analysis 


I 

Concentration,  mg/1 
Peak  Height,  mm 

83.0 

90 

41.5 

49 

20.7 

33 

10.3 

17 

II 

Concentration,  mg/1 
Pa*k  Height,  mm 

86.0 

97 

43.0 

45.5 

21.5 

21 

5.1 

0 

III 

Concentration,  mg/1 
Peak  Height,  mm 

207.5 

12.5 

83.0 

5.5 

41.5 

1.5 

20.7 

0 

IV 

Concentration,  mg/1 
Peak  Height,  mm 

215.0 

15.0 

86.0 

5.5 

43.0 

2.0 

21.5 

0 

Lower  Detection  Li.  (ts,  mg/1 

2-hydroxymethyl  cyclohexanone  (Compound  I)  =  18.9 

spiro  1-oxocyclohexane  -  2,2' ,3' ,4' ,5' >6' ,7* ,8' ,  hexahydrobenzo  fbl 
pyran  (Compound  II)  =  3.7  J 

2-(2-cyclohexenyl )  cyclohexanone  (Compound  III)  =  68.2 

2-(l-cyclohexenyl)  cyclohexanone  (Compound  IV)  =  21.8 
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Table  A-14 

Wastestream  Monltor-NItramines 

and  TNT 

HPLC-Direct  Injection 

Sampl e 

Point  Number  2 

Concentration 

,  mg/1 

Date 

SEX 

TAX 

HMX 

RDX 

TNT 

£H 

5-10  &  11-79 

0.32 

0.49 

1.13 

0.83 

ND* 

6.60 

5-16  &  17-79 

0.70 

ND 

1.91 

2.50 

ND 

6.70 

5-22  &  23-79 

1.80 

0.23 

1.22 

2.19 

ND 

6.81 

5-29  &  30-79 

1.24 

0.45 

1.54 

0.63 

ND 

7.10 

6-5  &  6-79 

1.40 

0.17 

1.78 

4.41 

ND 

6.71 

6-12  &  13-79 

0.95 

0.31 

1.25 

2.97 

ND 

7.12 

Sample  Point  Number 

3 

Date 

SEX 

TAX 

Concentration,  mg/1 

HMX  RDX 

TNT 

EtL 

5-10  &  11-79 

1.56 

4.50 

1.95 

16.02** 

1.40 

3.40 

5-16  &  17-79 

1.70 

2.41 

3.36 

9.74 

0.77 

6.90 

5-22  &  23-79 

1.06 

2.54 

1.54 

5.45 

0.21 

7.20 

5-29  &  30-79 

1.44 

0.74 

1.97 

15.47** 

1.38 

7.30 

6-5  &  6-79 

1.34 

4.27 

2.08 

8.53 

0,22 

6.94 

6-12  &  13-79 

2.03 

5.24 

2.95 

6.43 

2.01 

7.29 

**High  values  attributed  to 
deluge  system  at  Building 


spillage  of  RDX/wax  caused  by  malfunction  of  the 
1-1  on  these  dates. 
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Table  A-14  (continued) 


Sample  Point  Number  4 


Concentration,  U9/l 

Date 

SEX 

TAX 

hMX 

im 

t wr 

fiH 

5-10  &  11-79 

ND 

ND 

90 

no 

ND 

6.50 

5-15  &  17-79 

30 

10 

170 

340 

10 

6.90 

5-22  &  23-79 

ND 

ND 

144 

609 

ND 

7.32 

5-29  &  30-79 

ND 

ND 

160 

240 

ND 

7.40 

6-5  &  6-79 

40 

ND 

190 

360 

ND 

7.22 

6-12  &  13-79 

ND 

ND 

210 

330 

ND 

7.35 

Sample 

Point  Number  4' 

Concentration,  jjq/1 

Date 

SEX  ~ 

TAX 

HMX 

RDX 

TNT 

EiL 

5-10  &  11-79 

ND 

ND 

99 

39 

ND 

6.60 

5-16  &  17-79 

ND 

ND 

67 

53 

ND 

7.20 

5-22  &  23-79 

ND 

ND 

23 

20 

ND 

7.32 

5-29  &  30-79 

ND 

ND 

194 

215 

ND 

7,50 

6-5  &  6-79 

ND 

ND 

10 

58 

ND 

7,39 

6-12  &  13-79 

ND 

ND 

40 

22 

ND 

7.52 

**N0  =  None  Detected 
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Table  A-15 

Operating  Production  Buildings3 


Date 

May  10-11 


H  I  I 


M  I  N 


May  16-17 


May  22-23 


May  29-30 


June  5-6 


June  12-13 


3  3 

6 

3 

6 

4 

5 

6 

4 

5 

1 

3 

3 

5 

3 

5 

[ 

6 

, 

3 

5 

6 

3  3 

3 

4 

4 

6 

3 

3 

6  3 

2 

6 

6 

5 

5 

5 

6 

3 

6 

3  3 

3 

4 

4 

6 

3 

3 

3 

2 

6 

6 

5 

5 

5 

6 

3 

6 

6 

3  3 

3 

4 

4 

6 

3 

3 

3 

3 

6 

6 

5 

5 

1 

6 

5 

6 

6 

3  3 

3 

4 

4 

3 

3 

3 

2 

6 

6 

5 

5 

5 

3 

6 

6 

Letters  on  column  heads  refer  to  the  types  of  buildings,  numbers  to  the 
production  line.  Thus  number  5  in  Column  G  refers  to  Building  G-5. 
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Table  A- 16 


Flows  and  Explosives  Concentrations  Wastestreams  and  Holston  River 


Flow* 


Date 

Holston  River  {4') 

Point  2 

Point  3 

Point  4 

5-22  &  23-79 

2999.56  CFS 

0.99 

2.66 

1.15 

5-29  &  30-79 

3676.90  CFS 

0.99 

1.97 

1.12 

6-5  &  6-79 

3536.65  CFS 

0.92 

1.37 

1.33 

6-12  &  13-79 

3447.45  CFS 

0.92 

1.08 

0.96 

Average  of  4 

3415.14  CFS 

0.955 

1.77 

1.14 

Explosive  Concentration  and  Mass 


HMX  QC4),  :,g/l  0.067 

1.45 

2.14 

0.176 

RDX  (X^),  mg/1  .079 

2.55 

8.97 

0.385 

SEX  QT4),  mg/1 

1.35 

1.47 

0.10 

TAX  (X4),  mg/1 

0.29 

3.20 

0.00 

TNT  (X4),  mg/1 

0.00 

0.95 

0.00 

RDX  lb/day 

20.32 

132.48 

3.66 

HMX  lb/day 

11.55 

31.61 

1.67 

SEX  lb/day 

10.73 

21.66 

0.95 

TAX  lb/day 

2.31 

47.15 

0.00 

TNT  lb/day  0.00 

*Flow  in  million  gallons  per  day  except  as  noted. 

14.00 

0.00 
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Table  A-17 


Multiple  Analyses  of  Monitor  Samples  Taken  5-10  &  11-79 
HPLC  -  Direct  Injection 


Sample 

Date 

Concentration,  ma/1 

Point 

Analyzed 

SEX 

TAX 

HMX 

RDX 

TNT 

2 

c  n  ~ic\ 

yj  i  i  ~  i  j 

KJ  .  OC. 

A  »  A 

1 .13 

0.83 

NO* 

2 

5-25-79 

0.31 

0.23 

1.15 

0.57 

ND 

2 

6-1-79 

0.42 

0.23 

1.43 

0.47 

ND 

2 

6-18-79 

0.32 

0.23 

0.62 

0.28 

ND 

3 

5-11-79 

1.56 

4.50 

1.95 

16.02 

1.40 

n 

0 

5-25-79 

1.59 

5.16 

2.25 

15.56 

1.20 

3 

6-1-79 

1.60 

4.39 

3.33 

18.16 

2.04 

3 

6-18-79 

1.46 

3.93 

3.11 

16.13 

0.54 

4 

5-11-79 

ND 

ND 

0.09 

0.11 

ND 

4 

5-25-79 

NO 

ND 

0.15 

0.31 

ND 

4 

6-1-79 

ND 

ND 

0.25 

0.37 

ND 

r. 

6-1 8- 79 

ND 

ND 

0.22 

0.06 

ND 

Concentration,  pg/1 


4' 

5-11-79 

ND 

ND 

99.0 

39.2 

ND 

4' 

5-25-79 

ND 

ND 

39.1 

42.2 

ND 

4' 

6-1-79 

ND 

ND 

96.9 

67.7 

ND 

4' 

6-18-79 

ND 

ND 

60.9 

35.5 

ND 

*  None  Detected  (Refer  t^  Table  A-12  for  lower  detection  units). 
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Table  A-18 

Wastestream  Monitor-Gas  Cin'cmatooraphic  Analysis 
Sample  Point  2 _ _ Sample  Point  3 


Date 

Concentrat 
I  or  II  *  »2 

ion,  mg/1 
III  or  IV1 

Date 

Concentration, 

I  Q*  II  ‘  HI 

mg/i  , 

or  IV1 

5-10  &  11-79 

17.6 

ND 

5-10  &  11-79 

24.7 

ND 

5-16  &  17-79 

19.4 

ND 

5-16  &  17-79 

22.4 

ND 

5-22  &  23-79 

16.3 

NO 

5-22  &  23-79 

19.4 

ND 

5-29  &  30-79 

26.9 

ND 

5-29  &  30-79 

25.8 

ND 

6-5  &  6-79 

23.8 

ND 

6-5  &  16-79 

20.1 

ND 

6-12  &  13-79 

24.5 

ND 

6-12  &  13-79 

24.5 

ND 

Sample  Point  4 

Sample  Point  4' 

Date 

Concentrat 
I  or  II1*2 

ion,  mg/li 
III  or  IV1 

Date 

Concentration,  mg/1  , 

I  or  II1’2  III  or  IV! 

5-10  &  11-79 

20.1 

ND 

5-10  &  11-79 

23.2 

ND 

5-16  &  17-79 

23.8 

ND 

5-16  &  17-79 

10.3 

ND 

5-22  &  23-79 

24.1 

ND 

5-22  &  23-79 

34.8 

ND 

5-29  &  30-79 

26.9 

ND 

5-29  &  30-79 

28.0 

ND 

6-5  &  6-79 

27.6 

ND 

6-5  &  6-79 

24.5 

ND 

6-12  &  13-79 

27.5 

ND 

6-12  &  13-79 

23.8 

ND 

1.1  =  2  hydroxymethyl  cyclohexanone.  .  .  ,  , 

II  =  spiro  {j-oxocylohexanone-2,  ’  -3 ',4 ‘,8  ,6  ,7  ,8  ••  hexahydrobenza [b] pyranj 
III  =  2-(2-cyciohexenyl )  cyclohexanone 
IV  =  (1-cyclohexenyl )  cyclohexanone 

2.  Concentration  reported  as  Compound  I 
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Table  A-19 

Optimum  Sample  Injection  Volume  Determinations  and 
Detection  Limits  for  RDX  and  HMX 


Injection 

No.  (snuial 

28.5  mg/1 

Component 

HMX;  17.5  mg/1 

Response 

RDX  (Area  Counts) 

1 

RDX 

23,691 

HMX 

49,899 

2 

RDX 

26,252 

HMX 

52,220 

3 

RDX 

20,900 

HMX 

64,668 

4 

RDX 

27,670 

HMX 

65,310 

11.0  mq/1 

HMX;  11.4  mq/1 

RDX 

1 

RDX 

15,975 

HMX 

47,651 

2 

RDX 

15,058 

HMX 

32,387 

3 

RDX 

13,270 

HMX 

4,168 

4 

RDX 

11,686 

HMX 

19,748 

5.7  mg/1 

HMX;  3.5  mq/1 

RDX 

1 

RDX 

5,243 

HMX 

6,527 

2 

RDX 

4,204 

HMX 

9,682 

3 

RDX 

3,483 

HMX 

7,679 

4 

RDX 

4,983 

HMX 

8,693 

Holston  Defense  Corporation 
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(Table  A- 19  continued) 


Injection  . 

No.  (50  nlD) 

Component 

28.5  mq/1  HMX;  17.6  mg/1  RDX 

Response 
(Area  Counts) 

1 

RDX 

13,482 

HMX 

34,281 

2 

RDX 

12,756 

HMX 

29,986 

3 

RDX 

12,094 

HMX 

28,190 

4 

RDX 

11,810 

HMX 

33,541 

11.4  mq/1  HMX;  11.0  mq/1  RDX 

1 

RDX 

8,033 

HMX 

14,025 

2 

RDX 

8,920 

HMX 

10,641 

3 

RDX 

8,412 

HMX 

15,131 

4 

RDX 

7,381 

HMX 

13,335 

5.7  mg/1  HMX;  3.5  mg/1  RDX 


1 

RDX 

2,072 

HMX 

4,590 

2 

RDX 

2,730 

HMX 

3,093 

3 

RDX 

2,891 

HMX 

2,805 

4 

RDX 

1,640 

HMX 

3,799 

l  Component  peaks  were  wide  with  considerable  "tailing". 

D  Component  peaks  were  much  "sharper"  with  very  little  "tailing". 
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SEPARATION  AND  ANALYSIS  OF  RDX  AND  HMX 

DEWATER  SOLIDS 

(YOUR  JOB  NO.  84-3513 

SUMMARY 


The  title  samples  were  received  Juno  19,  1975.  The 
acetonitrile  soluble  portions  of  each  were  fractionated  by  Liquid 
Chromatography  (LC).  The  major  individual  fractiors  were  isolated 
and  characterized  by  infrared  (IR)  and  nuclear  magnetic  resonance 
(NMR)  utilizing  Fourier  Transform  (FT)  techniques  because  of  the 
small  amount  of  sample.  LC  retention  times  were  a]so  determined 
on  reference  standards  where  available. 

From  the  RDX  Dewater  solids,  we  have  identified  RDX 
itself  and  TAX,  the  monoacetyl  dinitro  derivative.  A  third  major 
fraction,  which  may  be  a  mixture,  was  found  to  contain  N-acetyl 
and  probably  C-0N0a  functions,  with  a  cyclic  backbone.  Positive 
identification  could  not  be  made. 

From  the  HMX  dewater  solids,  we  have  identified  RDX  and 
SEX,  the  monoacetyl  dinitro  derivative  of  HMX.  There  were  also 
several  minor  constituents  in  both  samples,  upon  which  very  little 
characterization  was  performed. 


This  report  has  been  ieeued  subject 
to  the  Terms  and  Conditions  on  the 
reverse  side  of  the  DU  PONT  Request  for 
Analytical  or  Physical  Measurements 
Service  form . 
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We  also  received  an  ether  extracted  filtered  water  sample 
(apparently  mislabeled  "ether  extract")  and  an  ether  blank.  No  sig¬ 
nificant  components  were  detected  in  either  of  these. 

DISCUSSION 

The  total  package  which  we  received  from  Holston  Defense 
Corpoi-ation,  in  addition  to  the  four  samples,  included  liquid 
chromatographic  scans  of  the  four,  a  list  of  related  compounds, 

IR  and  NMR  scans,  and  a  set  of  twelve  reference  standard  samples. 


Liquid  Chromatography 


The  samp.'es  of  freeze-dried  dewater  soli.is  were  supplied 
suspended  in  a  smai]  quantity  of  water.  To  prepare  a  sample  for 
analysis  we  removed  an  aliquot  containing  visually  representative 
portions  of  solid  and  liquid,  evaporated  it  to  dryness  at  <40°C 
with  a  stream  of  nitrogen  and  weighed  it.  Acetonitrile  was  added 
to  the  residue  and  the  mixture  was  allowed  to  stance  overnight. 

The  supernatant  liquid  was  carefully  decanted  and  the  residue 
washed  into  the  extract  witn  a  second  portion  of  acetonitrile, 
dried  and  reweighed.  For  injection  into  the  LC  instrument,  the 
concentration  of  the  solution  was  adjusted  to  2%. 


A  Du  Pont  Mod  l  83O  Liquid  Chromatograph  was  used  with  a 
20"  x  1/4"  0D  Zorbax®  bxu  column,  1800  psi  inlet  pressure,  solvent 
flow  0.2  ml. /min.  Primary  mobile  phase  was  n-hexane,  the  secondary 
was  20  volume  #  methanol,  30%  acetonitrile,  50#  chi oroform  (special 
"distilled  in  glass"  grades  of  each).  Gradient  elution  was  used  at 
l^o/minute  from  0  to  100%  secondary.  The  injection  sample  loop  had 
a  volume  of  0.25  ml.  An  ultraviolet  detector  (254  nm)  was  employed. 
Samples  were  taken  exit  the  detector  and  evaporated  under  a  stream 
of  nitrogen  at  room  temperature  to  give  material  for  characterization. 
To  provide  sufficient  amounts  of  material,  three  replicate  chromato¬ 
graphic  runs  were  made  on  each  of  the  two  Dewater  ramples,  in 
addition  to  initial  scouting  tests  to  define  chromatographic 
conditions . 


Figure  1  is  a  hand-drawn  composite  chromatogram  of  each 
of  the  two  samples,  expanding  the  recorder  attenuation  to  put  all 
major  peaks  on  a  single  scale  for  easy  comprehension.  On  the  plot 
is  given  our  designations  for  identification  of  the  major  fractions. 
(The  numbers  correspond  roughly  to  inches  on  the  chart  from 
injection. ) 

Chromatographic  control  tests  included  sc lvent  blank  runs 
(column  effluents  at  about  Ko%  secondary  phase  were  analyzed  as 
blanks  for  sample  fractions.  See  Figure  2  for  an  IR  solvent  blank.) 
Reference  standard  samples  of  RDX  and  HMX  were  alsc  chromatographed. 
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Infrared  scan  of  ^he  recovered  material  from  the  RDX  column  effluent 
(Figure  3)  was  incn  inguishable  from  that  of  the  standax’d.  In  this 
case,  the  amount  of  ..ample  was  sufficiently  large  that  solvent 
background  was  not  r'gnificant. 

II.  Characterization 

Infrared  scans  were  run  on  a  Digilab  FTS  l4  (Fourier 
Transform)  instrument  with  100  repetitive  scans  per  sample  at 
double  precision.  Samples  were  prepared  as  micro  XBr  pellets. 

The  figures  included  in  this  report  are  plotted  on  a  conventional 
transmission  scale,  except  Figure  2,  which  is  on  a  linear  absorbance 
basis . 

Nuclear  magnetic  resonance  (NMR)  scans  were  run  in  dimethyl 
sulfoxide-d5  solution  on  a  100  MHz  Fourier  Transform  unit.  Un  to 
500  repetitive  scans  were  run  per  sample.  Unfortunately,  the 
instrument  was  not  operating  at  maximum  performance  when  the  samples 
were  analyzed.  Subsequently,  the  instrument  was  inoperable  for  a 
period  of  several  weeks,  precluding  the  analysis  cf  a  second  set  of 
samples  which  we  had  prepared. 

As  a  note  of  interpretation  of  the  NMR  scans  in  Figures 
9-12,  the  intense  peaks  at  2.48  and  3-30  ppm  are  derived  from 
proton-containing  DMS0  and  water,  respectively.  The  regularly  spaced 
disturbances  which  occur  about  every  1.2  ppm  and  are  most  intense 
at  9-2  ppm  are  60  cycle  harmonics. 

HI.  Identifications 

The  identification  data  on  the  various  LC  fractions  are 
summarized  in  Table  I. 

Fractions  "RDX-8"  and  "HMX-8":  Retenticn  times  and 
characterization  data  for  the  two  fractions  were  indistinguishable 
from  each  other.  Identification  was  by  comparison  of  retention 
time,  IR  and  NMR  spectra  with  those  of  the  known  standard.  There 
is  ample  resolution  in  the  IR  spectra  to  exclude  the  presence  of 
HMX  as  a  major  constituent.  (Retention  times  and  NMR  spectra, 
however,  are  similar  for  the  two  compounds.) 

Fractions  "RDX-ll"  and  "HMX-ll":  Both  IR  and  NMR  spectra 
of  known  SEX  supplied  by  Holston  agree  closely  with  our  observed 
spectra  for  "HMX-ll." 

Our  IR  scan  for  "RDX-ll"  is  qualitatively  close  to  that 
for  "HMX-ll,"  including  an  amide  carbonyl  band.  Likewise  our 
retention  times  were  similar.  However,  there  is  just  enough 
difference  in  IR  fine  structure  to  indicate  an  expected  difference 
between  an  8  and  a  6-membered  ring.  No  meaningful  NMR  spectra  was 
obtained  on  "RDX-ll."  We  had  no  reference  spectra  of  TAX  for 
comparison.  Likewise  we  do  not  have  standard  samples  of  either  of 
the  two  compounds. 
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In  all  the  above  four  fractions,  the  concentrations  of 
the  compounds  in  the  LG  cuts  were  sufficiently  low  that  bands  from 
the  solvent  were  evident.  Attempts  to  calculate  IR  difference 
spectra  between  samples  and  solvent  blanks  suggested  the  possibility 
of  some  extraneous  hydrocarbon  contaminations. 

Fraction  "RDX-9 " •  Figure  1  shows  that  this  fraction, 
which  predominates  the  RDX  solids,  has  no  counterpart  in  the  HMX 
solids.  The  shoulder  on  the  far  side  of  the  peak  was  found  repro¬ 
ducible.  For  analysis,  we  cut  off  collection  of  fraction  "9A" 
prior  to  the  appearance  of  the  shoulder.  However,  it  is  very 
possible  that  the  fraction  we  examined  contained  more  than  one 
major  constituent. 

The  NMR  absorptions  at  i.17,  5.63  and  6.13  ppm  were 
reproducibly  observed  in  two  different  NMR  campaigns  on  two  samples 
from  different  LC  fractionations.  We  would  assign  the  first  to  the 
acetyl  group  and  one  or  both  of  the  second  two  to  methylenes  adjacent 
to  an  -ONO2  ester,  by  comparison  with  the  spectrum  supplied  of  ATX. 
The  infrared  scan  shows  a  likely  amide  carbonyl  at  1670  cm”-,  and 
contains  a  typical  pattern  of  fine  structure  indicative  of  a  cyclic 
molecule,  with  a  window  around  1100  cm"1  characteristic  of  RDX. 
Comparison  of  our  IR  scan  for  this  material  (Figure  5)  with  that 
for  "RDX-11"  (Figure  6)  shows  many  similarities.  (One  must  correct 
for  the  solvent  background  present  in  the  latter  which  is  not  in 
the  former.)  There  is  a  significant  band  at  .1430  cm"1  in  Figure  5 
only.  This  might  be  the  nitrate  ester. 

There  are  no  apparent  indications  of  NHl  +  or  NOo”  in  any 
of  the  fractions  characterized.  J 

IV.  Miscellaneous 

LC  runs  on  the  filtered  water  and  ether  blanks  indicated 
no  significant  material  to  be  present. 

In  preliminary  scouting  on  LC  instrument  conditions,  we 
found  that  installation  of  an  extra  length  of  column  and  reducing 
the  gradient  rate  resulted  in  increased  resolution. 

Screening  tests  were  run  using  a  gel  permeation  (GPC) 
system,  with  Styragel®  columns,  and  a  THF  mobile  phase.  THF 
soluble  fractions  of  the  solids  samples  were  injected.  Some 
separation  was  obtained.  However,  the  resolution  was  not  as  good 
as  in  the  above  LC  system.  Both  refractive  index  and  UV  detectors 
were  used  with  noticeable  difference  in  relative  response  of  dif¬ 
ferent  peaks  from  the  two  detectors.  From  the  RDX  solids  sample 
was  isolated  one  predominant  peak.  NMR  scan  on  this  peak  was 
similar  to  that  for  fraction  "RDX-9A"  above. 


v 
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V.  Suggestions  for  Future  Work 

We  recommend  that  new  samples  of  Dewater  solids  be  obtained 
for  future  work  on  this  project.  There  is  only  a  small  amount  of 
each  remaining  and  they  have  stood  in  water  for  over  nine  months. 

Of  highest  priority  for  new  work  should  be  experiments 
aimed  at  separating  "RDX-9"  into  its  constituents.  A  quantity  of 
this  material  would  be  isolated  and  chromatographed  using  different 
mobile  phase/column  combinations.  We  anticipate  that  the  FT-NMR 
will  be  back  in  operation  in  the  near  future.  This  would  facilitate 
characterization  of  the  minor  fractions  which  have  to  date  been 
ignored. 


It  would  be  extremely  useful  to  have  additional  characteri¬ 
zation  techniques.  As  our  collective  experience  in  nitramine 
chemistry  is  limited,  we  would  best  rely  on  you  for  suggestions. 

For  example,  is  there  any  quantitative  or  qualitative  wet  chemistry 
to  distinguish  between  an  N-NO2  and  an  0-N02  group,  or  to  measure 
quantitatively  and  simultaneously  oxidized  ar.d  reduced  forms  of 
organic  nitrogen?  There  are  also  alternative  techniques  that  come 
to  mind,  for  example  polarography  and  chemical  ionization  mass 
spectrometry.  Specific  leads  would  be  helpful  here,  otherwise  a 
major  methods  development  effort  would  be  required. 


***** 
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TABLE  I  NOTES 


(A)  See  Figure  1.  Numbers  in  designations  derived  from  LG' 
retention  times. 

(B)  Fraction  may  contain  more  than  one  component. 

(C)  No  standard  samples  available. 

(D)  No  reference  spectra  available.  Identified  by  comparison 
with  HMX-11. 
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Figures  C-1A  to  C-11A 

HIGH  PERFORMANCE  LIQUID  CHROMATOGRAMS 
OF  REFERENCE  COMPOUNDS  SHIPPED  TO 
MIDWEST  RESEARCH  IN  DECEMBEf,  1976 


HPLC  Conditions 


Instrument:  Waters  Associates  Model  202  HPLC 
Column:  Stainless  Steel,  c  -1  m  x  6.3  mm  (12  in.  x  0,25  In.}, 

SI 60  LIChrosorb,  5u  MPS 

Mobile  Phase:5%  Methanol,  10%  acetonitrile,  15%  chloroform,  70% 
iso-octane 
Flow  Rate:  4.0  ml/mln. 

Pressure:  3000  psi 

Detector:  UV  at  254  nm 

Injection 

Volume:  20  mirro liters 
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Figure  C-8A.  HPLC  Chrumatograw  of  Reference  Compound 


Figures  C-1B  to  C-16B 

HIGH  PERFORMANCE  LIQUID  CHROMATOGRAMS  OF  INDIVIDUAL 
FRACTION  ISOLATED  FROM  RDX  DEWATER 
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Figure  C-2B.  HPLC  Chromatogram  of  RDX  Dewater  Fraction  No.  2 
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Figure  C-6B.  HPLC  Chromatogram  of  RDX  Dewater  Fraction  No.  6 
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Figure  C-7B.  '  HPLC  Chromatogram  of  RDX  Dewater  Fraction  No.  7 
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Figure  C-8B.  HPLC  Chromatogram  of  RDX  Dewater  Fraction  No.  8 
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Figure  C-9B.  HPLC  Chromatogram  of  RDX  Dewater  Fraction  No. 
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Figure  C-15B.  HPLC  Chromatogram  of  RDX  Dewater  Fraction  No 


tel 


mu  m 


ils 


H  l 

5  L  3 


m\mi 


S  J  t*fX|  c 

i  nil 


*  ^  »nii v  •  ■ 

>»lL|«IIIIMIIIIIH  1 

■  m»Cj«b  ibbbbb  «■  tmw** 4 


baa»» 

■  Ilk  < 

P«aaw  ,_ 

■  ■■■K«laav  (nvHMiHMrf 
imnimi  »•*■•*■**•*» 
finiuiii«vn«i»mtii 
iniuuitiniiiMit 
ininwiii  iiiimm'..' 
liiiniiin  ■acRiikiicif 

iMtiiiami  aintmiaai 

inina«iii  niiiiinui 
Saiar—- — --iiHwnmil 

RinninMfiikiiiainMl 

iiimmnmiaiRHaM* 

■■■aaviBBaav* m **••»* 

iiaiaiitasvascr^iicaaaaaai 
BaaaBaRaaaa^^aaaavaaKaji 
naaaavaaa^'uaaaavaa 
Nmaaaaavafva  aaa» 

E  an  a  a  Banana  tuatma^ 


_ taH 

MaBavvwaaaaaa  aicrmaai 
KlBBBlBMaaalBB  d 

KiBliifiiiaaaap  *«a«««a«4 
bibvbvbvbbbbb wt ■■■■xml* J 
KiBaBBBBaMBBai  laaaaaBai 
BBaaBaiawBaBBsi  iRBBBHjRBa 
EaaaBBBBMiBBiiaa  laaaiaaal 
aaa«MiBaaa«aaaa  'aamail 
■aa  iivrrbbrbvrri  aaimal 
iaattBaiBBamBB'  •imail 
iaaMBBBBBBBBBBI 
paaniiiBiunuji|M| 

iBivnrmaMaHIHHH 

ifiMiiiMnnit  w»«B«i 
Eiidnimnii  min  mi 
■mauinKii  arav  M 
finanaaiiaiii  «■*  nl 

■UBBtanniii  tu.jaJ 
ipiiitiiiiii  »»Mt| 

pBaasranva 
Manrarfoaiaa.  *■«»»? 
EavfiaavBw*t«  -Hi 
PgfBaSaarraM 

hiniaa^^Hd 


■saa 
■fiat 
Kmat 
bbbbbii 
■aaan 
Msaa 
Bhi 


Hii 

a*  m\ 


ak*a«« 
RBI  I  BBS 


iilvimirr 

BlVW  fRBRBBtp 
^aamlaaBBaii 
nnaaaiii 
lava  mart  *«r 
lilt  Irii  i 


t  !**■**•* far 
MIIIIMIB 

‘litmaBR 


tSBaauCTB  J _ 

blilltMkii  X  I 

KuavaavaRBr  «-.»»»*  .  -»*x. 

Iiilliaaaar  i<»  »'  .a««i»l 

[ii»iiiimlai»  laaimi 

|'S3ss;rhcs» 

pinhaaiiaf. 
ISiainkaaiiBaii  miafl 
atniinmnait  wmaai 
hwamamaavi  wim 
PEiinauimi  iimvI 
hliiaaimanaa  muwm— 
iiiiiiMiiinni  fnnui 
Kliiaviaamiiaii  maiti 
hiaaiiiMiiaata  *•«■»» 
E vain ia bbbb biib  aatam 
Imniniuiini  naaia 
EinaiimnaBaii  maid 
EiMBaBBBUBBBUBI  BBBBBbI 

RbwinmiMini  •*»**« 

Hb  al  a  b  aviva  bbb  a  uvbb  m 

■attniHfiivi  *«***« 
ImtiRinaiMr  aaiaaiB 

Kiuiiuamai||H|||i 
PiinaaaMiM 
■ininitH 
Ba  BBBBBBBBiaj 


SC 


latinaina 

IIIIIURNI 


BbbvBribv  nsMin'fv 
■ailiinmumii 

kiiiitnimanlHH 
IrutvuiiiRiRmrairaiiM 
hnaaaiMunnmMiiH 

BEaBB55nBBm5ManBalH 

RHsgHSggiSgsa 

imtMiiamnniiui 
iaiRmiiMnniiiiiai 

BayiBrnBaanraBBifnj 

■iaiiaiiiiiMnfiiiuiiaafl 
Emimaga ■jMWRMaaai 

iHiiiaamantmimi 

Imu— 

■KinratawtmtiMinfl 
Hia^iaiuanviniBiiaaaaad 
^MMMMuaaiinmtul 

M«mana»nn«d 

§S&!aB^3S5S!^Sa»BnaaMl 

||HM|Mi8SB«Bfak>fl»RaaiM| 

inimn-ikHavt  vt  -nj 
pBtBBatBiBat^BBXk  •  * 
E«BBiaaai#ai«t  -'t -  * 

■lIliUtlkMK.O  .  «  - 

fcBBBBBBBBBTBBBBBBBBB^  i  ■  »* 
||iiRiiiiRiuaai«uai»  *  1  1 

SlBBBBaBBBVBVBflBBBBB*  l  U»H 

Hiim  iriib  amaaBBBt  a  ■*  *,»»  I 
ImjMtaimfimiiBiaiui  m  ,«a4H| 
liaiMRgBta— nwtHMr  bbb»>71 
I  farm  an  a  a  bbbb  a  ai  ■  bb  •  a  a  «v  n  ■  «  v  Mj| 
IfTfiinmiianiniatMnn  rrmij 

IlfiSmiBlmiirmiRnni  y»*«| 
lmai»»BBBBBBBBMBBR>««»R  ltfn| 
jgBBVBBBBBl^ 

BnivarRIBBRBBBVM 

RlOniil 

g:iBgKgg^^5fIl 


Chromatogram  of  RDX  Dewater 


1 

I 


% 


§ 


Pages  108  to  110 


Fraction  Collector  Tubes  Number 


WHEN  *E0»D«IN5  $*SCFr  CHAW  NUHIEMM4U  ftECXMAN  INSTRUMENTS  INC  RMUtTCN.  OUllOtNIA 


UCO  1600  1400  1200  1000  800 


*EO*oRiMi  $«arr  cka*t  numk*  io**u  mcxmah  insmuments  inc.  euuejtom.  caiifocnia 


WHEN  *EO*DE*!NG  SPECIFY  CMAJET  NUMBEt  10*411 


(Continued) .  IR  Spectrum  of  RDX  Dewater  Fraction  No 


WHEN  ttOOEHN&SMCirr  CHART  NUMBER  10B4H 


SPECTRUM  NO. 


Figure  C-4D  (Continued) .  IR  Spectrum 


WAVElENi 


SPECTRUM  NO 


SJtOSt  v&K-.l  uawts  INSTIUMEHTS  INC  rUUUTON,  CAUFOENIA 


(Continued).  IR  Spectrum  of  RDX  Dewater  Fraction  No. 


WAVELENGTH  IN  MICRONS 


Figure  C-7D,  IR  Spectrum  of  RDX  Dewater  Fraction  No 


kobkkns  irtarr  chait  NUMtmoun  uckman  iNsmmEms  inc.  Rjimrow,  caufoinia  uj.a. 


WHEN  IEO*MMNO  SfEOEt  CHART  NUMKt  104411 


Mhli» 


iliiiliiilillilliiSlIiiili 

Hnansenn- 


#9# 


(Continued) ,  IR  Spectrum  of  RDX  Dewater  Fraction  No 


'SOPHOTC.vJT-? 


wmi  REORDERING  SECCinr  CHART  NUMIER  10 UK 


(Continued).  IR  Spectrum  of  RDX  Dewater  Fraction  No. 


WHEN  REORDERING  SRECCfT  CHART  NUHRER  104411 


Spectrum  of  RDX  Dewater  Fraction*No, 


Dewater  Fraction  No 


Nil 


B aaaaafflEii iaaaaaal 
Biaaaa  |  Baa  aaaaama 

MBBiiilAii  MiMMa 
■imIAu  ■*■•■■«■ 


IMMM 

!:::::: 

isaut 


IBHiUBnUHHill 

■BSilfilillfflliBiiliffa 


■  aiwniw  HHimwiiHiPwi  himwi  iiuiuiniiui  iiwi  uiiiiuh  iuiibih  iuuimii  uu> 

iHDIHDIIlBiillllSiillllffllllliBilliniinillll 


IIIMBlIHlIlliniiiiiglllllHIIIil 

iinuiiioiyiiiniwrai 


Biiiioniiiininifliniii 
■  iiumiiiRHiiiiuiiniiiiii 

niniiiiiiiiiiiiiiiiiiiffliiiii 


(Continued) .  1R  Spectrum  of  RDX  Dewater  Fraction 


SPECTRUM 


WAVElcN 


CContinued) ,  IR  Spectrum  of  RDX  Dewater  Fraction 


(Continued)-.  IR  Spectrum  of  RDX  Dewater  Fraeti 


WHEN  REORDERING  SPECIFY  CHART  NUMBER  104411 


(Continued) ,  IR  Spectrum  of  RDX  Dewater  Fraction  No 


&EOCMAN  INSTRUMENTS- INC.  HJUE8T0N,  CAIIFOSNIA  U4.A. 


Figure  C-14D  (Continued).  IR  Spectrum  of  RDX  Dewater  Fraction 


o 

o 

'O 


SPECTRUM  MO. 


Figure  C-15D  (Continued) .  IR  Spe'etHfum' of 'RDX' Dewater  Fraction  No. 


NTS  INC.  FUUEKTON,  CALIFORNIA 


Figure  C-16D  (Continued).  IR  Spectrum  of  RDX  Dewater  Fraction  -No . 


WHEN  *K>K>E*ING  WECHT  CMCt  NOMK*  1044M 


1 

5 

-3 


DISTRIBUTION  LIST 


Commander  l 

US  Army  Medical  Bioengineering  | 

Research  and  Development  Laboratory  | 

ATTN:  SGRD-UEG  I 

Fort  Detrick,  Frederick,  MD  21701  f 

| 

HGDA  (SGRD-AJ)  5 

Fort  De trick  ; 

Frederick,  MD  21701  \ 

A 

Defense  Technical  Information  Center  (DTIC) 

ATTN:  DTIC-DDA 

Cameron  Station  ] 

Alexandria,  Virginia  22314  \ 

| 

Dean  \ 

School  of  Medicine  { 

Uniformed  Services  University  of  the  \ 

Health  Sciences 

4301  Jones  Bridge  Road  } 

Bethesda,  Maryland  20014 

Superintendent 

Academy  of  Health  Sciences,  US  Army 

ATTN :  AHS-COM  I 

Fort  Sam  Houston,  Texas  78234  ; 

Librarian  I 

US  Army  Medical  Bioengineering  ■ 

Research  and  Development  Laboratory 

ATTN:  SGRD-UBD-A 

Fort  Detrick 

Frederick,  Md.  21701 


